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7. A Casting-Method 
for Palacontological Purposes 
By 


Eric Stahl 


Introduction 


To produce satisfactory plastic reproductions of fossils, especially of small 
internal casts, has often proved difficult and sometimes even impossible. In 
order to obtain good results the author has worked out a method, the dibu- 
tylphthalate-polyvinylchloride method, the description of which is given below. 
Preliminary accounts of the method are found in Bull. Geol. Inst. Uppsala, 
vol. 35, 1953, pp. 201-3, and The Sino-Swedish Expedition, Publ. 37, 1953, 
pp. 106-9, both out of print. In order to satisfy demands received from out- 
side these earlier notes are here reprinted with slight alterations. The section 
on reconstructive casting is new. 

The dibutylphthalate-polyvinylchloride method has the following features : 

1. In fluid condition the casting material possesses a relatively low vis- 
cosity, so that the liquid can easily enter into rather small and narrow cavities. 

2. The impression is elastic, can be easily removed from the mould, and 
without breaking be withdrawn also from narrow cavities and undercut parts. 
This property is of great value, particularly with regard to internal casts of 
brachiopods, the cavities (e.g. of crural plates) of which generally project 
more or less deeply into the internal cast. 

3. The impression is unshrinkable. 

4. The surface of the impression exhibits such minute details that it may 
be studied satisfactorily also under magnification. 

5. The impression is tough and, as far as can be judged from our ex- 
periences, suffers no change during a long lapse of time. 

6. No solvent which has been tried by us has been found to act upon 
the compound. 

7. The outer layer of the impression is partly transparent. It is therefore 
appropriate to apply a thin coat of ammonium chloride in order to produce 

an opaque surface when studying it and taking photographs. 
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Description of the Method 
Open Mould 


The following material is required: Plaster (alabaster, dental); dibutyl- 
phthalate (soaphthal B can also be used); fine-ground polyvinylchloride; plas- 
ticine or clay. 

Fig. 1 shows an internal cast of which an impression will be made. 

A roll of clay or plasticine of about the length of the circumference of 
the internal mould or fossil is formed and rolled out into a ribbon about 
20 mm broad and 3 mm thick. The edges are cut straight and clean with a 
knife. The ribbon is then mounted like a wall around the fossil. This is what 
is called ‘fence’ in the technical language of the sculptor. Observe that the 
fence must fit closely to the stone, and this is accomplished when by the 
careful use of a fine knife its outside is made as even and smooth as possible. 
Fig. 2 shows the mounted fence. 

Water of about the same volume as the 3 mm thick fence is poured into 
a bowl of rubber or china, and as much well loosened plaster as can be 
absorbed is strewn by hand into the water without stirring, or one proceeds 
until small islets of dry plaster are forming upon the surface. After about 
20 seconds the compound is stirred with a spatula in order to mix the plaster 
with the water as homogeneously as possible. A 2-3 mm thick layer of plaster 
is now applied with a spatula to the outside of the fence, and like the latter 
closely attached to the stone. The layer or coat of plaster must not be too 
thick as it will have to be removed later on. 

Fig. 3 shows how the coat ought to look. The fence is now carefully 
removed with a thin knife so as not to damage or detach the coat of plaster 
(Fig. 4). If small clay or plasticine particles should adhere to the specimen 
they can be removed without damaging it with a pointed piece of clay or 
plasticine which is carefully pressed against the particles until they cling to it. 

The stone with the adhering coat of plaster has now to be immersed into 
water and left there till it is thoroughly saturated whereupon it is taken up 
and all superfluous water blown off, so that the stone and the plaster show 
an evenly moist surface. 

About the same quantity of dibutylphthalate as the bowl formed by the 
coat can hold is poured into a jar of glass or china. Under constant stirring 
fine-ground, well-loosened polyvinylchloride is strewn into the dibutylphthal- 
ate till the compound shows a white, smooth, creamy consistence. At this 
stage it is now ready to be poured into the bowl formed by the coat. Let 
the compound flow slowly down the inner side of the coat, and spread evenly 
upon the moist fossil avoiding the formation of air-bubbles. In order to pre- 
vent air-bubbles in narrow deep cavities, the latter can advantageously be 
filled with the compound by means of a sliver of wood or a hair from a 
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brush. When the whole surface is covered more compound up to 2 cm thick- 
ness is poured on (Fig. 5). 

The internal cast with the filled coat of plaster is now placed in an oven 
heated to 120°C where it is usually baked for 2-21/, hours at constant tem- 
perature. The compound then turns into a rubber-like elastic mass. The 
baking time given applies to moulds in which the thickness of the compound 
does not exceed 3-4 cm in any place. When casting larger specimens where 
a greater thickness of the compound is required the baking time has to be 
increased correspondingly. The necessary experience is soon acquired. The 
final consistency of the compound is the decisive criterion. The whole spec- 
imen is then immersed in cold water to cool. Afterwards the coat of plaster 
is broken with a hammer (Fig. 6) and the elastic cast removed. If there are 
strongly projecting parts or cavities where the cast adheres to the stone it 
is best to put the specimen back into water and try to remove the cast by 
carefully lifting the projecting portions of the impression so that the water 
can enter between the mass and the stone. 

The elastic cast, the outer layer of which is partly transparent, should 
now be treated with the ammonium chloride in the ordinary way in order 
to obtain an evenly white surface. Be careful to apply only a very thin and 
even coat of ammonium chloride, avoiding the formation of thicker local 
accumulations which would obscure the finest details, After whitening the 
cast is now ready for examination and photography (Fig. 7). 

Should plaster replicas of the elastic cast be required it is, of course, not 
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Fig. 8. 


Plastic 


Plasticine or clay 


necessary to whiten it. When removed from the stone it is first covered with 
a thin layer of plaster. On pouring the plaster the cast is knocked against 
the table so that the plaster can penetrate into every cavity and accidental 
air-bubbles may loosen. More plaster is poured on up to the required thick- 
ness. For plaster casting the plaster is mixed in the same way as described 
above. 

In order to obtain a plaster impression identical with the elastic one made 
directly from the fossil, first a 3 mm thick plaster cast of the elastic impres- 
sion is made. This cast is then dipped for about one minute into a solution 
of one part of potash to 25 parts of water. When the surface of the plaster 
is moist, but free from accumulations of water more plaster up to the required 
thickness is poured over the cast treated with the solution. Finally, the first, 
thin plaster is carefully removed with small chisels so as not to damage the 


plaster impression. 


Divided or Compound Mould 


A description will now be given of how to prepare a so-called divided or 
compound mould as required in casting skulls, jaws, and other three-dimen- 
sional objects. In addition to the materials enumerated above a piece of thin 
sheet-metal for working upon is required. The object to be moulded, e. g. 
a mandible, has to be supported 5~10 mms above the working surface. This 
is best done by putting some small lumps of plasticine upon the sheet and 
arranging the mandible upon these (Fig. 8). 

Next a roll of plasticine or clay is shaped as before, its length equalling 
the circumference of the object. This roll is then flattened into a ribbon 
5-10 mm thick, its width corresponding to the height from the sheet to the 
middle of the object, or to the line where the parts of the mould are to meet. 
The edges of the ribbon are cut clean and straight with a sharp knife. After 
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that it is placed on edge and closely around the mandible, forming the fence 
(Fig. 9). Next, plaster is mixed and spread with a spatula in a thin layer 
(3-5 mm) all over the exposed surfaces of the plasticine. The resulting plas- 
ter cap must touch the mandible everywhere, and at the line of contact with 
the object must not be thicker than 3 mm as it has to be chipped off later. 
Fig. 10 shows the plaster cap. When the plaster has set everything is detached 
from the supporting sheet, best by a slight bending of the latter. Carefully 
remove all plasticine, both the supports and the fence, without damaging 
the object or the plaster cap. The plaster cap now forms a kind of dish or 
basin with half of the jaw protruding from its bottom (Fig. 11). This basin 
will receive one half of the mould. Be careful to fill even the smallest crevices 
before the cap is filled to the brim (Fig. 12). No air must remain anywhere. 
The whole is then baked as above. 

After withdrawal from the oven, the plaster is broken with a hammer and 
removed. Fig. 13 represents the first half of the plastic mould with the man- 
dible half embedded. The mandible must not be removed until after the 
completion of the entire mould. Now, taking a sharp knife, cut some wedge- 
shaped notches in the plastic mass next to the object. These will guarantee 
the correct juxtaposition of the parts when the mould is assembled for casting. 

To produce the next part of the mould place the exposed part of the 
mandible upon the metal sheet, supporting it with lumps of plasticine as 
before. Again a ribbon of plasticine is prepared and placed on edge, now around 
the half of the plastic mould. Its upper rim should reach about 1 cm above the 
lower edge of the plastic (Fig. 14). Next everything, both mould and plas- 
ticine, is covered with plaster as shown in Fig. 15, the thickness being the 
same as in the previous step. The plaster having set remove the whole from 
the sheet, and carefully pick out the plasticine. We now have a plaster basin 
in two stories with the completed half of the mould in its lower part (Fig. 16). 
The exposed surfaces of the plastic are now brushed with a solution of soap. 
The filling of the upper half of the plaster basin with the liquid plastic is 
carried out as before. The heat-treatment will take some more time as this 
half of the mould is as a rule heavier than the first (Fig. 17). 

It is of great importance that the mould should be cool before the sep- 
aration is attempted. First knock off the plaster. By careful bending and 
kneeding movements the seam between the two parts of the mould is made 
to open. They are then taken apart, and the object removed. The mould is 
now ready for casting. This can be done in either of two ways. In the first 
case a hole, or ingate, is cut in a spot, where there are no fine details or 
structures which would be lost in the necessary subsequent touching up. In 
this method it is advisable to tie up the mould between two flat boards to 
prevent it from yielding. The second method requires no ingate. It has the 
advantage that reinforcements with strips of fabric or metal rods are easily 
put in their right place. The halves of the moulds are filled separately with 
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Fig. 18. 


plaster, and when this is just about to stiffen slightly the smaller part is 
turned upside down and put in its place inside the larger. Put a flat board 
on top of the assembled mould, but beware of excessive pressure so as not 
to distort the elastic lateral walls of the mould. 


An Example of Reconstructive Casting 


The study of fossils is now and then complicated by the particular state 
of preservation, e.g. when part of the material is preserved bodily, i.e. in 
the positive, and the remainder as impression, i.e. in the negative. In such 
cases it is frequently impossible to obtain a comprehensive idea of the shape 
and the appearance of the fossil. The following description refers to such a 
case and to the way in which it can be dealt with. 

Fig. 18 shows the skull of a stegocephalian, the fragments being placed 
in juxtaposition upon a bed of plaster. The material comprises palate and 
teeth, mainly in the negative, a natural cast of the nasal cavity (a), and two 
pieces (b and c) forming parts of the natural cast of the cranial cavity. Several 
teeth of the right supramaxillary are split lengthwise, the lingual portions 
being preserved in the matrix, while the labial parts are represented by their 
impressions in the surrounding rock (d). Behind them the impressions of 
two larger teeth are seen. 

In Fig. 19 the loose pieces belonging to the natural cast of nasal and 
cranial cavity are removed. 

In Fig. 20 the piece of the fossil containing the split teeth has been re- 
placed by a replica in plaster, produced in a divided mould as described in 
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the previous section of this paper. From the labial side of this replica the 
plaster has been cut to the height of the largest among the teeth, and to 
a width of about 5 mm. The piece of matrix (d) with the impressions of 
the split teeth has been replaced upon the bed of plaster, and now limits, 
together with the plaster piece, a cavity. In this way a complete negative of 
the tooth row has been obtained. 

Next plaster replicas are made in divided moulds of the natural casts of 
nasal and cranial cavity. Fig. 21 shows them in their proper places. 
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Fig. 26. 


In Fig. 22 a rim of about 3 cm height is shown which follows the outline 
of palatal and dental impressions. The resulting basin, the bottom of which 
is formed by the ventral impression of the skull, is now filled with the plastic 
compound in the usual way, and baked as before. Particular care js required 
against the formation of air-bubbles in the depth of the dental cavities. 

Fig. 23 shows the altogether positive plastic cast of the ventral surface of 
the skull. This plastic positive is now covered with plaster. The thickness 
of the plaster should be 1-2 mm except along the margins where 1-2 cm 
are required. This stronger rim or frame supports and strengthens the thin 
layer of plaster in which the final casting will take place (Fig. 24). 

Fig. 25 shows the negative plaster mould with the loose plaster replicas 
of the pieces (a), (6), and (c) in their proper places. It is now treated with 
a solution of potash as before, and filled with plaster. 

The knocking-off of the plaster mould frees the ready reconstructive plas- 
ter-cast (Fig. 26). 


Tryckt den 22 maj 1956 
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Introduction 


The essential features of the geology of the region of Hede have been known so 
far from 'TORNEBOHM’s (28) excellent map to the scale of 1:800,000 published in 
1896 in his paper “Grunddragen av det Centrala Skandinaviens Bergbyggnad”’. 
A. G. HécBom, who worked contemporaneously with T6RNEBOHM, in a paper 
of 1889 (14) dealt in great detail with a number of important localities, notably 
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in Harjedalen. This paper was accompanied by a map to the scale of 1:500,000. 
Also HécsBom’s descriptions of the province of Jamtland of 1894 and 1920 are 
supplemented by maps to the scales of 1:500,000 and 1:800,000, respectively. 
As far as the region of Hede is concerned the old map published by TORNEBOHM 
has proved to be best in agreement with the picture obtained by the new mapping 
of the region to the scale 1:20,000 carried out by the author. Among other 
geologists who have worked on the bedrock of the Hede region Fr. SVENONIUS 
(27), O. E. Scui61z (23), G. FRODIN (7), and N. ZENZEN (31) should be men- 
tioned. 

On the initiative of Dr. N. MarkLunp the author in 1950 started the mapping 
of the region of Hede, together with the geologists A. STROMBERG, B. AHREN- 
WALL, and F. Pippinc. A great part of the material collected on this occasion 
has been put at the disposal of the writer, together with some sketch maps made 
by MarKLUND in 1951 and a written report by the latter. The material collected 
by SrrOmBeRG has been accounted for in a paper of 1952, “Om Hedekalken”’, 
and one of 1955, ““Zum Gebirgsbau der Skanden im mittleren Harjedalen”’. 
Both these papers are referred to in the following. 

The region in Harjedalen mapped by the author coincides with the south- 
eastern part on STROMBERG’S map of 1955. The elaboration of the two maps has 
been carried out side by side and independently from each other. The author 
has worked to the scale of 1:20,000 while STROMBERG’s mapping has been mainly 
of a more general character. The principal geological units of the map,Plek 
are the crystalline Archean basement rocks, and an overlying sedimentary 
complex. The crystalline bedrocks consist of a western parautochthonous and 
an eastern autochthonous complex. Of these the latter is only scantily repre- 
sented within the area of the map near Vikarsjén (Pl. I). The sedimentary com- 
plex consists of a Sparagmite series and an Eocambrian Quartzite formation. 

The rocks of the Sparagmite series appear along the marginal zones of the 
Caledonian geosyncline with very variable development and thicknesses, and are 
supposed to have been deposited in a belt of local basins within a region with 
strongly accentuated relief. 

The younger Eocambrian Quartzite formation is more uniform both with 
regard to development and thickness. With regard to their tectonics we have 
to distinguish between (1) authochthonous quartzites, and (2) allochthonous. 
quartzites. 

1) Throughout their occurrence along the Caledonides the autochthonous 
quartzites rest either upon Archean rocks or upon sparagmite. Areas where 
autochthonous quartzites are supposed to appear are e.g.: Nes and Furnes in 
the middle Mjosen district (S. SKJESET, 24) and Engerdalen in Norway (O. 
HOLTEDAHL, 13), the region along the eastern margin of the Archean anticline 
in northern Jamtland including the classical section on the river Sjougden, and 
beneath, the autochthonous Middle Cambrian beds along the Tasjé valley of 
Angermanland (B. AsKLUND and P. ‘THORSLUND, 2a), the area around Laisvall 
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(N. Markiunp, 19) in Lapland, and several others. The overlying Cambro- 
Silurian deposits have on the whole the same extension as the Eocambrian 
Quartzites with the exception only that at this time the transgressions extended 
still farther eastward over the Baltic shield. 

2) The allochthonous quartzites occur, with interruptions, in a rather 
broad belt from the region W. of Mjosen in Norway and up to central Lap- 
land. In Norway they form the so-called “‘kvartsandsteins-dekket”, in Harje- 
dalen and southern Jamtland the ‘““Vemdal quartzite nappe’’, and in north- 
ern Jamtland—Angermanland—Lapland the “Strom quartzite nappe”’. The 
latter corresponds in part to the Blaik nappe in Vasterbotten which has been 
distinguished by Kutiinc (18). The tectonic discordance of the quartzites with 
regard to their foundation bears evidence of their allochthonous nature. ‘Thus 
quartzites are frequently met which rest for miles and miles in direct contact 
upon the younger, strongly kneeded Cambro-Silurian shales. Of less frequent 
occurrence are larger or smaller torn-along masses of granite at the base of the 
quartzites. Regarding the northern part of Jamtland Grip (8, p. 382) has sug- 
gested that the nappes of quartzite may have their origin along the eastern margin 
of the great granitic anticline which extends from Sjougdalven in the north to 
Hotagen in the south. ASKLUND (3, Fig. 7) on the other hand holds that the alloch- 
thonous quartzites had been deposited in an area much farther to the west. From 
the petrographical point of view great similarities exist between the autochtho- 
nous and the allochthonous quartzites as demonstrated by Du RtevTz (5). 

In Harjedalen the quartzites are obviously allochthonous and can be proved 
to rest in several places upon Cambro-Silurian. These conditions are clearly 
demonstrated in ASKLUND’s paper on “‘Vemdalskvartsitens alder”. ‘The main 
aim of the following study has been to obtain a reliable picture of the sequence of 
the strata of the Sparagmite series in Harjedalen by means of a systematic petro- 
graphical investigation of the rocks. A comparison between the rocks of the 
Sparagmite formations and the Vemdal quartzite has also been carried out and 
the mutual tectonic relations between the crystalline bedrock, the Sparagmite 
series, and the Vemdal quartzite have been dealt with in detail. 


Methods 


The planimetric rock analyses which form the base of the descriptive petro- 
graphical sections of this paper, have been carried out by means of an ordinary 
mechanical stage, only slightly modified. This mechanical stage which has been 
described by DAHLLOF (4, p. 385) is provided with an arresting device with a 
spring-loaded ball. By this arrangement the slide can easily be shifted in two 
perpendicular. directions, arrested at fixed intervals without the necessity of 
every time taking a reading of the stage scale. In the case in question the distance 
between two successive intervals is 0.5 mm. A note is made of the mineral which 
at each of these points is found exactly in the cross-wire. When a series of ob- 
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servations has been made in this way the slide is shifted 0.5 mm in transverse 
direction whereupon another series of observations is made etc., exactly as when 
working with an integrating stage. 

On account of unequal grain-size, fine grain or for other reasons some 
analyses have been considered less reliable. In these cases the respective value 
in the table is preceded by an asterisk. The inhomogeneity of the porphyritic 
varieties of the granites involves considerable inaccuracies in the analyses of 
these rocks. 

The values obtained by the measurements have been entered directly into 
the tables with retention of decimals. In the case of the minerals which occur 
in greater abundance and where the error of determination can be expected to 
exceed a whole number of percents no importance can, of course, be attributed 
to the decimals. 

The tables contain furthermore a special column with the most common grain- 
size for each thin-section as well as observations about the degree of roundness 
according to PETTIJOHN (22, p. §2), about crushing, and crystallinity. A special 
column contains also the maximal grain-size, by which the largest diameter of a 
grain in the respective slide is meant. The following abbreviations have been 
used: 


A=angular WR=well rounded 
SA=subangular C=crushed 
SR=subrounded SC=strongly crushed 

R=rounded Cryst. crystalline 


‘The analyses have been numbered consecutively, and are referred to in the 
text by these numbers within brackets. 

The classification proposed in 1922 by WENTWORTH for sedimentary rocks 
has been used as scale for the grain-size. 

The sedimentary rocks have been named mainly on account of their minera- 
logical composition according to the principles elaborated by KRyYNINE (17, 
p. 137) and PETTIJOHN (22, p. 227). As, however, also other properties of the 
rocks have to be taken into account, the classificatory principles of the authors 
mentioned have been applied with a certain modification. Thus the limit be- 
tween arkoses and feldspatic sandstones has been drawn ata feldspar content 
of 30% instead of 25% and 20% as given by PETT1joHN and KRYNINE, respec- 
tively. This has been done since the rocks dealt with in this paper, with a per- 
centage of feldspar between 25 and 30%, seem to be genetically connected— 
partly on account of their uniform grain-size—with the class of sandstones 
poorer in feldspar rather than with the arkoses which are often not sorted and 


richer in feldspar. 
The Archean Bedrock and its Tectonics 


About one fourth of the mapped region around Hede consists almost exclu- 
sively of granites and gneiss-granites. A triangular area in the SW., including the 
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mountains Stavsasen, Tallberget, and Gethdgen, is entirely separated from a 
northern area stretching in W.—E. direction. 

From the last-named area three wedge-shaped portions project towards the 
south, viz. one in the neighbourhood of Vinberget, one E. of 'Torrberget, and 
one near Hammarbergen. In addition a few smaller isolated masses of granite 
occur at Ulvberget and Gammelvallsberget, and in a region SE. of Fallkojan 
along the middle course of Kvarnan. 

All these areas consist of gneiss-granites of indubitable Ratan type, prepon- 
derantly of red salic to intermediate varieties with often finely porphyritic tex- 
ture. Within the area mapped, the granite mountains often form heights of 600— 
700 m (see Pl. I). They differ thereby markedly from the autochthonous gra- 
nites which appear towards the east (STROMBERG, 25, p. 202). These attain rarely 
a height of more than 450-500 metres. In the area of Vemdalen about 10 km E. 
of Hedeviken they exhibit a well peneplaned surface which can be followed for 
many miles in the direction S.-SE. with differences in level of some tens of 
metres (FRODIN, 7, p. 28). The autochthonous granites are often coarsely 
porphyritic with large reflecting crystals of feldspar; they are very resistent to 
percussion and differ thereby from the granites of the mapped area which, when 
being worked, split along a great number of fissures in spite of their fresh 
appearance. 

It is obvious that the granites of the mapped region have been lifted up in 
relation to the eastern crystalline rocks. This has probably been due to the 
tangentially directed pressure which can be supposed to have been exerted by 
the compressed central part of the Caledonian geosyncline in the west. The strong 
pressure has split the granite areas into a great number of slices with imbricate 
arrangement and separated them by granite mylonites of very varying order of 
size and properties. In this connection the granite has, in part, assumed a gneis- 
sous character with well developed lineation. Observations of the dips show that 
the tectonic forces have been acting mainly from NNW.-N. towards SSE.—S. 
Also other directions of more local character are represented, e.g. one from NE. 
towards SW. Locally larger overthrusts give a sharp relief to the otherwise flat 
granite landscape. Examples of such are Hockla, Gethoégen, and Tallberget in 
the south. Gethégen rises steeply about 150 m above the surrounding granite 
landscape. In the north similar areas are found near Vinberget, Nafjan, and 
Hammarbergen. 

In the region of Hede the relief just mentioned has been produced by the 
forcing up of the granites, and thus also the sediments resting upon the gra- 
nites have been lifted to higher levels. On this account the sediments were 
greatly exposed to the action of erosion and were soon removed. The large un- 
covered areas of granite within the mapped region are the result of these proc- 
esses. Another contributing factor were the faults in the west along which the east- 
ern regions have been elevated in relation to those in the west. In some places a 
primary contact has been preserved between the granite and the overlying sedi- 
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ments as at Torrberget and at Hockla where the Sparagmite series rests upon 
granite with a basal conglomerate (see pp, 303 and 314). 

The western boundary of the granite window SW. of Hede is formed by a 
marked though rather gently dipping fault running from Tallberget in the south 
to the river of Ljusnan in the north. Thus the granite region with the overlying, 
now removed sediments has been raised in, relation to the sparagmites around 
Vitasen. The fault line can be studied at several localities, e.g. near Tillberget 
and Gethégen. In the latter place a zone of granite mylonite can be traced for 
several hundred metres in N.—S. direction along a small brook about 1 km WSW. 
of Gethdgen. The edge of the eastern bank consists of red, comparatively fresh 
granites whereas the western bank consists of dark-violet mylonitized granites 
with a western dip of 45-60°.! In westerly direction and in direct continuation 
of the mylonite zone follow violet sparagmitic sandstones. The extension of the 
fault towards the north is clearly seen W. of Gethégen where a small tectonically 
conditioned valley exhibits sparagmitic rocks in its western part, while the 
eastern side consists of granites. 

Also the northern granite region with the overlying sparagmites has been 
raised in relation to a western sparagmite area by a rather gently dipping fault 
trending NNW. This fault is indicated 500 m NNW. of V. Réstan by a dark- 
violet granite mylonite of the type just mentioned and with a dip of 60° W.; it is 
exposed on the eastern side of the road. On the western side of the road follow 
outcrops of violet sparagmitic sandstone. The distribution of the rocks on the 
map PI. I also shows the continued course of the fault line. 

The existence of a fracture zone running parallel with the Ljusnan and con- 
necting the two above-mentioned N.—S. faults can be assumed, though no facts 
are available to prove it. Nothing definite can be said about the age of the faults, 
but they are probably of syntectonic origin. 

In the region of Gammelvallen an overthrust of the Red sparagmite towards 
SE.-S. with a length of at least 2 km over the Vemdal quartzites in the east has 
been observed. A primary contact exists, however, at Torrberget (p. 314) be- 
tween Red sparagmite and granite, and for this reason it is necessary to assume 
that the sparagmites in the area from Gammelvallen in the east to Vinberget 
in the west has been transported in one way or the other by the underlying 
granites without being completely separated from them. South of the Ljusnan 
the overthrust of the granites and sparagmites towards the east seems to be of 
considerably smaller extension. 

From the above, the active part played by the Archean bedrock in the shaping 
of the region around Hede becomes evident. Wedges and sheets of granite seem 
to have carried the overlying sediments and to have effected their gradual trans- 
port. The length of these transports depended upon the depth at which the 


' The granite mylonite consists of lenticularly elongated eyes of feldspar immersed in finely 
granulated, strongly regulated recrystallized quartz. A pronounced impregnation with hematite 
throughout the zone indicates a supply of solutions of iron. 
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Archean wedges separated from their base, and upon the dip of the thrust-plane. 
Unless flat tectonic fracture zones exist at very great depths, whereby transports 
of the sedimentary formations over tens of kilometres might easily be explained, 
we must assume the granites of the region around Hede as well as the forma- 
tions of the Hede limestone and of the sparagmites to be parautochthonous. 
The investigations in the region of Hede have so far not yielded any indication 
for a long transport of the rocks of the Sparagmite series, except for the small 
areas in Vikarberget (cf. p. 323). 


Description of Localities and Smaller Areas 
Hockla, SW. of the church of Hede 


At the eastern side of Hockla mountain a basal conglomerate rests upon gra- 
nite. A continuous sequence through the lower formations of the Sparagmite 
series is exposed here in two parallel erosion valleys of about 20 m depth. Sec- 
tions from this locality have been published earlier by TTORNEBOHM (28, p. 47) 
and HécBoom (14, p. 141). The rocks have been preserved in the shelter of the 
strong upward-thrust towards south and east to which the granites in Hockla 
mountain has been subjected. The map, Fig. 1 and the section Fig. 2, show the 
structure of the region. Closest to the granite in the west the folding is most 
strongly developed with the beginning of isoclinal overturn whereas at a greater 
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Fig. 1. Detailed map of the parautochthonous Sparagmite field at Hockla, 3 km SSW. of the 
church of Hede. 
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Fig. 2. Section through the Sparagmite series at Hockla SSW. of Hede church. Drawn to scale. 


1. Granite. 5. Hede limestone. 

2. Basal conglomerate. 6. Gray sparagmite. 
3. Dark gray shale. 7. Red sparagmite. 

4. Graywacke sandstone. 


distance to the east folding with flat dips occurs. In the anticlinal zones the basal 
portions of the sedimentary series are exposed. Particularly in the vicinity of the 
bends of the folds a very strong crushing and subsequent recrystallization have 
taken place during the compression of the strata (seé33). 

In the western valley the basal deposits upon the granite (1, 4) are 9-14 m 
thick and consist, from below upwards, of basal conglomerate, shale, and gray- 
wacke sandstone; these together constitute the Hockla basal formation. This is 
succeeded by the continuous sequence of the Hede limestone formation, about 
12m thick, composed of calcareous shales, calcareous sandstones, and con- 
glomerate (cfr. detailed sections on p. 305). Then follow the Gray and the Red 
sparagmite formations. The entire sequence of strata, excluding the Red sparag- 
mites, thins out towards the north. In the southern part of Stavsdsen the sequence 
below the Red sparagmite has been completely squeezed out as a result of the 
pushing up of the granite in eastern direction. In the south-western part of the 
detailed map (Fig. 1) a dark-green chloritic porphyritic granite has been pushed in 
a breadth of 200 m in south-southwestern direction over the graywacke sandstone 
of the Hockla basal formation. The shaly zone of the Hockla basal formation 
which is otherwise strongly folded and pressed all along the valley, as well as 
the basal conglomerate are both squeezed out in the same direction between the 
granite and the graywacke sandstone mentioned. 

The basal conglomerate consists of rounded cobbles of granite together with 
an abundance of quartz pebbles and grains, cemented with a black matrix con- 
taining graphite (p. 329). Along a distance of 150 m, the basal conglomerate is 


3°95 


THE SPARAGMITE SERIES AND THE VEMDAL QUARTZITE 


‘oyTuRIsy 
u10330q 
‘soqqqed zjienb pue seytqqoo ejuesis 
YIM ojeToUTO;suco jeseq onrydeis yYyorfq wi z-I 
fia a ‘UOTeUIIOJ Teseq | ‘(of ‘6z) 
ree BOR e4T, } paztuojzoa, Apsuors ‘ayeys Aqis Avis yaeq wi s—f 
| "(gz ‘Sz ‘hz) 903s 
| -pues oyoeMAers pouteis-ouyy uses ysidvei1gy wi L-S 
*(AoyjeA urejsv9 9Y} Fo y1ed *pordAoo ur § ynoqy 
UIIYINOS 9} UT) S9UOJSOUTT] SNOsdeT[IS1e popueg yeq Wi< “(9 2[q2, J, 998) (AaT]VA oy] Fo y1Vd UIaYyyNOs 34} 
(9 2]Ge], 99S) a} ¥19UIO[S UI) d}BIDWIO[SUOD SNOdIBOTEO yorursjod Avigy) ut I-S'0 
-u0d snooareszeo yoruAjod asivoo uses YsIAvIg) WI< ‘1 
‘QUO}S]IS SMOsTvO[vO Avis YIVq wi z'I 
(9 298%], 99S) a} eIOWIO[S *paraAoo ut £ ynogy 
-u0d snooivojeo yorurdjod asivoo useis ystheig) WO *Z 
‘QUOYS]IS AVIS YIVq WI I'o ; 
‘(9 2]4B], 99S) aJeIaWIOTZuUO0D yoruTATod asivo0o ABI, WI IO Ef ( ble eer } ‘(SI ‘F1) sauoyspuRS SNoOdsIeOTvO 
(£1) ou0ysy1s Apues papuegq Avis yreq ut to (61) sauOjsoIT snosoRTIs1e popueq yi~q wg 
(or) staAvy AQIS 
UJIM asoyIe snoareoeo poureis-untpew Avid yYysI"] wi So 
“(9 e192.L 
998) o1vIBWIO[SUOD snoareojed yoruIATod Aeris osivoy wi so “hb (4 “¢4) sou0ys 
‘AayeA oy} jo syred *paraAoo Ut ( a | -pues snoareoyeo pourers-suy-umipow AewIg, wr 
HII OAOII2SS| OAM AROISI NS By Nee ‘poraAo0d ul fy yo 
ul poyepeorayur Aye) “72 poeureis-suy Avis yysry ut £ P ao 
-UOTSBIDO 9} R.19UIO]S “pagzaaoo ut § ynoqy | ‘uoneuoy aru eee Fae oe qorursjod asivo 
-uo9 yorursjod asivoD | -sasoysre pourerd-asivoo AvIg) wi ZI-g =f -Beavds Avr oy, | ( Oe Ase OTSiS Bue ScuCrspuS 
: | ayoeMARIs JO Speq s[SsuIS YM poppoqstojul 
(FE SEE “ee *1£) sasoyie poutesis-astvoo APIS) UWI ZI-Q 
‘sosoyie pure ‘par YM pajjods \ ‘uoneuof aqiur sf ‘(ZS ‘6£) sasoyie pue ‘par 4M paqjods 10 
10 yYsipper ‘azerowrojsuo0o yorurAyod osavoo AtaA WrOI < f -Seieds pay oT, \ Ystppor ‘oqvrawopsuos yorurdjod osieoo Aaj wi FI-ZI doy 


‘ajjo2 usaqsva ayy JO y1ed UsJOYIIOU IY} UT ‘a]]V2 UsajsaM aY] UL poInsedUt UOTIES 


306 GORAN STALHOS 


found in close connection with the granite, below which it has apparently been 
pressed. The conglomerate is furthermore visible in the core of a small anticlinal 
hump which is formed by the shale in the middle portion of the western valley 
(see Figs. 1 and 2). 

On account of the flat position of the sediments the lower portions of the 
sequence are not visible im the eastern valley. The lower beds of the Hede lime- 
stone formation are exposed only in the southernmost part of the eastern valley 
in the shape of banded calcareous shales 1 m thick. The upper portions of the lime- 
stone formation are, on the other hand, much more clearly visible. They begin 
with an alternation of shales and conglomerates with a varying content of lime, 
and pass upwards into fine-grained light arkosites. The entire thickness amounts 
to about 7 metres. Then follows, without noticeable discordance, the Gray sparag- 
mite formation characterized by increasing grain-size and increasing content of 
feldspar at the same time as calcite occurs more and more sporadically. Intra- 
formational coarse conglomerates appear in the upper portions of the Hede 
limestone formation as well as in the Gray sparagmite. 

‘The remarkable gradual transition between the Hede limestone and the Gray 
sparagmite can be studied also at other localities, e.g. in the region S. of Hus- 
berget. ‘There the limestones pass gradually into 75-100 m of gray coarse arkoses 
and feldspathic quartzites which, occasionally, contain conglomerates. The Gray 
sparagmite seems to provide a transition from the Hede limestone, consisting 
mainly of finely clastic calcareous sediments, into the overlying Red sparagmite 
formation with its usually coarse, clastic sediments. The latter begins with a 
division, about 10 m thick, consisting of polymict purple-red porphyry con- 
glomerates (p. 353) and arkoses. The conglomerates are widely distributed and 
are exposed at Hockla, Stavsisen, Damm, and Husberget, and likewise along a 
line from Klockarberget to V. Réstan. At Hockla the conglomeratic division 
mentioned constitutes the highest member of the sequence. At Stavsdsen and 
Damm towards the north the conglomerate is overlain by additional members 
consisting of violet arkoses alternating with red siltstones. 


Stavsasen—Damm 


The entire region NE. and E. of Hockla and as far as Damm-—Fallkojan—En- 
bergskojan is occupied mainly by reddish violet conglomerates and arkoses with 
low variable dip. At western Stavsdsen an inconsiderable rest of the Hockla 
basal formation is exposed, consisting of a few metres of graywacke sandstone 
(28) in contact with a black ultramylonitic granite infiltrated with lime. A band 
of Gray sparagmite can also be followed, both in situ and in blocks, along a 
great arch from Stavasen via Damm—Fallkojan to Furuberget. At Stavsdsen 
scaly tectonic structures are of frequent occurrence. Thus the following tecto- 
nic units have been observed in a NNE—SSW. section of 300 m length from 
the central parts of the locality (see Pl. 1). 


THE SPARAGMITE SERIES AND THE VEMDAL QUARTZITE 307 


Top. Coarse dark-green arkoses with red spots, and 


purple arkoses. 
The Red sparag- 


15-20 m), i Dark purple calcareous sandstone with several ; ee y 
I! |. beds of purple-red siltstones and shales. | ae ine 
Very coarse polymict red conglomerate. 

> 2m Graywacke sandstone. \ The Hockla basal 

Granite mylonite. J formation, 
Thrust-plane (covered) 
> 5 m Very coarse polymict red conglomerate. ) 
Covered about 15 m. J he Redar pagers 


> 2m Banded calcareous siltstones and calcareous sand- | The Hede lime- 
stones. J stone formation. 
Thrust-plane 


> 3m Very coarse polymict red conglomerate. \ The Red sparag- 
Covered about 15 m. J mite formation. 


{ The Hede lime- 


> 2m Banded calcareous siltstone. \ ' F 6 
stone formation. 


sihtust=-plame ((COVete Cd) We ee 


10 m Very coarse polymict red conglomerate. i) The Red sparag- 
Covered about 20 m. J mite formation. 
gihmust-plames (Covered) eam-ea: gone 


Base. Granite mylonite. 


Thus, there occur here not less than four scales of the same sequence resting 
on top of each other. The third thrust-plane from below is almost absolutely 
sharp. An example of the limited extension of the scales in lateral direction is 
provided by the second scale from below which after an extension of roo m in 
W.-E. direction thins out towards both ends and disappears. 

The sequence of strata is identical in the different scales and the thickness 
amounts to some tens of metres in each. The dips are northerly and vary be- 
tween 5 and 30. The Gray sparagmite formation is not exposed in any of the 
scales, but space is provided for it in the covered parts of the section. In the 
upper scale the Gray sparagmite has obviously been squeezed out together with 
the Hede limestone. This follows from the fact that here the red conglomerate 
rests upon the basal graywacke sandstones. The small thickness of the sediments 
together with the plasticity of the Hede calcareous shales have here been of im- 
portance for the behaviour of the granites. In connection with the major over- 
thrusts, which have been mentioned earlier, these granites have also segregated a 
multitude of small-wedges and sheets which penetrated into the basal portions 
of the Sparagmite series, and which have been piled one upon the other together 

with the attached sediments. 

In eastern Stavsasen only one scale with a north-western dip of 50-80" can 
be distinguished. It stretches in north-eastern direction for a distance of about 
500 m along the foot of a series of small rocky hills. The sequence of strata is the 


following: 
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Top. 
‘ 3 m Coarse-grained dark green arkoses spotted with red. 
1.7 m Light green siltstone and shale. 
0.3 m Dark purple shale. 
Covered 5-10 m. 
> 2m Dark purple calcareous sandstone (68). 
Covered 5-10 m. 
> 2m Very coarse, purple polymict conglomerate. 


The Red sparag- 
mite formation. 


>14 m Gray coarse-grained arkose. eb at AB ih ie. 


> +m Banded calcareous siltstone. 
> 1mLight gray conglomerate in calcareous sandstone. 


(Table 6.) 


The Hede lime- 
stone formation. 


| 
| 
| 
{ The Gray sparag- 
\ 
| 


Thrust-plane (covered) 


> 20 m Very coarse, purple polymict conglomerate and arkoses The Red sparag- 
with interbedded purple siltstones and shales. mite formation. 
Base. 


The four lowermost members in the scale above the thrust-plane have been 
measured in a continuous series whereas the figures for the thicknesses of the 
others have been obtained in different places along the series of rocky hills men- 
tioned above. The sediments are well preserved almost without exception in 
spite of the strong pressure to which they have been subjected at Stavsisen. The 
surrounding granites, however, which pierce the sediments, are almost always 
mylonitized. This indicates that they have been the active components in the 
development of the tectonic structure of the region (cf. AsKLUND, 2b, p. 56). 

The Gray sparagmite formation is here only 1.5 m thick and consists of a 
gray coarse calcareous arkose. The above sections show that the lower sedimen- 
tary formations are thinner in Stavs4sen than at Hockla. The Red sparagmite, 
on the other hand, is considerably thicker and contains red shales which are 
very characteristic from the stratigraphical point of view. These red shales have 
not been found at Hockla since the sequence of strata is incomplete there. 

A continuation of the stratigraphical sequence at Stavsisen is encountered 
along the Kvarnan at Damm in an exposure of 200 m length. A series of red con- 
glomerates, violet sandstones and shales with a total thickness of about 7m 1s 
folded in an anticline with the axis dipping 35. N. 10° W. At Damm the follow- 
ing section has been measured: 
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15 dm Light-purple, very coarse arkoses with grains of 
white quartz and red feldspar. 
1 dm Dark-purple siltstone. 
8 dm Light-purple coarse-grained arkose. 
1.5 dm Purple siltstone and shale. 
2 dm Fine-grained purple sandstone. 
1 dm Dark-purple siltstone and shale. 
1.7 dm Fine-grained purple sandstone. 
1 dm Dark-purple shale. The Red 
5 dm Light- and dark-purple sandstones. 
1.5 dm Dark-purple shale. | 
1.5 dm Fine-grained light-purple sandstone. 
5 dm Interbedded layers of purple siltstone and shales with 


sparagmite 
formation 


a 


purple sandstones. 
Covered about 1 m. 
10 dm Light-green sandy siltstone (81). Purple sandy siltstone 
(78) and silty shale (83). 
10 dm Very coarse polymict dark purple conglomerate (see 
Fig. 4). 


Fig. 3. Interstratified beds of purple sandstones, Fig. 4. Coarse polymict red sparagmite 
siltstones and shales. The sequence rests on coarse conglomerate at Damm, _Kvarnan. Photo 
red conglomerates. Damm, Kvarnan. Photo G. Stalhés. 
G. Stalhos. 
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A streak of Hede limestone with NW.—SE. extension occurs about 200 m 
NE. of the outcrops at Damm and at’a level which is about 10 m lower. The 
limestone occurs in huge blocks which are partly covered by the soil and which 
lie side by side ina belt of about 500 m width and a length of at least 1 km along 
the Ljusnan. This belt has probably originated by the shattering of an earlier 
continuous limestone horizon. Since a similar streak of limestone blocks is found 
at the same level at Sarvoset about 5 km farther towards NNW. it can be as- 
sumed that the extension of the Hede limestone formation follows on the whole 
the valley of the Ljusnan (see PI. I). 


The area around Kvarnan—Furuberget and the shieling of Gammalbodarna 


A streak of Gray sparagmites can be followed in the middle of the area of the 
Red sparagmites from Fallkojan at the Kvarndn via Enbergskojan and to Furuber- 
get. This streak usually consists of gray to grayish blue arkoses rich in feldspar, 
and of some coarse polymict conglomerates. North of Fallkojan the surrounding 
Red sparagmite is represented by violet coarse arkoses and porphyry con- 
glomerates. The same development is found in the region of Furuberget. 
The streak of Gray sparagmite can be suspected of representing here the limits 
of an old anticline, now overturned towards the east, and from which the over- 
lying Red sparagmites have been removed by erosion. About 600 m SE. of 
Fallkojan occurs a sheet of granite which is roughly 10 m thick, pressed up- 
wards towards SE. This sheet probably indicates the existence of a thrust-plane 
which runs parallel with the overturned limb of the fold (Fig. 5). 

The bottom of the anticline of the Gray sparagmite at Furuberget contains a 
10-15 m thick siltstone which could possibly be considered as equivalent to the 
rocks of the Hede limestone formation. These are occasionally poor in lime or 
altogether without lime as it happens locally at Hockla and Ulvberget (see p. 305). 

In the western part of the anticline of Furuberget the following sequence of 
strata has been noted. The dip is 25° to WNW. 


35 m Coarse- and fine-grained purple, light-purple (52), 
yellowish green (57), and gray (48) arkoses. ic | The Red sparag- 
1.5 m Light grayish green thin-bedded shale. 4. mite formation. 
7m Same as 5. 3 | 


5 m Gray, somewhat calcareous arkose. 2. oy, ea Spates 
mite formation. 


10-15 m Dark-gray thick-bedded siltstone. ile | The Hede ea 
| stone formation. 


Towards the east and as far as a line through Furubergstjarn the region con- 
sists of coarse clastic, intensely red arkoses with a few beds of violet siltstone. 
In the last named locality occur intercalations of very coarse arkoses with plenty 
of cobbles of red porphyry and of granite of about 5 cm diameter. 
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Section at Fallkojan 


Fig. 5. Thrust fold at Fallkojan. 


Parautochthonous: 1. Granite. 
2. Hede limestone. 
3. Gray sparagmite. 
4. Red sparagmite. 
Allochthonous: 5. Vemdal quartzite. 


Farther to the east the arkoses become paler and pass into dirty-yellow to 
grayish feldspatic sandstones. The whole sequence of strata is folded along flat 
axis in the direction NNE.-SSW. 

After some additional hundreds of metres in eastern direction over an area 
without outcrops, the rocks of the Vemdal quartzite formation appear. They 
have the same western dip as the sparagmites. Farthest in the west, the former 
formation consists of some 20 metres of coarse quartz conglomerate of the same 
type as in Vikarbergen (see p. 357 and Fig. 21) and in some other localities. It 
is followed by bluish gray to dark-blue coarse feldspathic quartzites with a 
thickness of at least 50 m, and finally, farthest in the east, in the region of the 
shieling of Gammalbodarna, green and gray variegated siltstones and shales with 
a thickness of several tens of metres. These latter are strongly pressed and ex- 
hibit very variable axis of folding indicating that they have been exposed to a 
deformation of much higher intensity than the parautochthonous sparagmites 
in the west. The quartzites constitute the westernmost spurs of the allochthonous 
Sonfjall massif which is situated in the SE. and is built up exclusively of the rocks 
of the Vemdal quartzite formation. The siltstones and shales mentioned ob- 
viously lie in one of the many planes of movement which have been formed within 
the quartzites of the Sonfjillet while they were thrust towards E. and SE. 

The region of the shieling of Gammalbodarna exhibits no outcrops which 
would permit a more detailed study of the boundary between the sparagmites 
and the quartzites. This boundary is probably of a tectonic nature in analogy 
to the conditions along the corresponding boundary N. of the Ljusnan where 
the sparagmites are thrust with a sharp discordance over the Vemdal quartzites 
in the east. Along the boundary south of the Ljusnan the overthrust of the spa- 
ragmites is presumably quite insignificant or at all events of smaller extent 
than the mentioned overthrust north of the Ljusnan. 


Tallberget 


East of Tdllberget runs a broad zone of closely packed large blocks of Hede 
limestone formed probably by the shattering of an earlier continuous lime- 
stone stratum as is the case at Sarvoset and at Damm. 

The limestone is represented mainly by coarser and more fine-grained 
pale-gray calcareous sandstones. West of the Hede limestone formation follows 
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Fig. 6. The slope of Saiterberget seen from SE. In the foreground the Hede limestone formation 
and Archean rocks. The mountain is composed of Gray and Red sparagmites. Photo G. Stalhés. 


a tectonically altered grayish green granite which has been pressed over the 
former (STROMBERG, 26, p. 209). 

The calcareous zone is a direct continuation of the limestone along the valley 
of the Ljusnan via Stavsasen and Hockla, and probably continues beyond Tall- 
berget at a lower level to crop out again 10 km farther to the south in the shape 
of a broad belt in Rdndalen which runs parallel with the valley of the Ljusnan. 
If the limestone had not been moved up from a lower level in connection with 
the pushing up and forward of the underlying granites, it would not be at all 
exposed in the area from Stavsasen to Tallberget. 


Saterberget-Digerknatten-Vinberget 


The Sparagmite complex of Sdterberget—Digerkndtten reaches its highest 
point about 300 m above the valley of the Ljusnan which is here occupied by 
Hede limestone (Fig. 6). The sediments of the region are strongly folded and 
large portions have been pushed up by the granitic fundament. Hede limestone, 
in close contact with granite, has thus been found NE. of V. Réstan ina position 
100 m above the limestone belt in the valley. This is also the case at Vinberget 
where the graywacke sandstone of the Hockla basal formation (27) outcrops 
640 m above sea-level. This sandstone is 5 m thick and is followed by some 
metres of gray calcareous arkose, and, on top of this, by a coarse arkose belong- 
ing to the Red sparagmite. Starting from a deep depression NE. of the farms of 
Klockarberget and proceeding some distance up the slope of Saterberget the 


following, partly very generalized section has been measured in north-westerly 
direction. 
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Top. > 100 m Purple arkoses and feldspathic quartzites. 
Some tens of metres covered. 
5 m Coarse purple and dark-green arkoses. 
0.20 m Dark-purple fine-grained feldspathic quartzite. 
0.35 m Dark-purple shale. 
o.8 m Dark-purple fine-grained feldspathic quartzite. 
o.7 m Dark-purple shale. 
o.5 m Coarse dark-green arkose. 
Some tens of metres covered. 
eee purple and dark-green arkoses. 
>1om 


The Red sparag- 
Very coarse purple polymict conglomerate. | 


mite formation. 


>30 m Various kinds of light arkoses and feldspathic sand- 
stone. 

5 m Light-gray calcareous arkoses and coarse conglome- 
rates. 


The Gray sparag- 
mite formation. 


{ The Hede lime- 


| stone formation. 
ishrust-plane (covered) —— 


2 m Banded dark calcareous siltstone. 


Covered about 5 m. The Red sparag- 
Base 5 m Coarse green arkose, spotted with red. mite formation. 


Thrust-plane (covered) —— 


The tectonic discordances at the bottom of the sequence indicate the occur- 
rence at this locality of the same kind of imbricate structure as in the region of 
Stavsésen mentioned above. The section is also intended to demonstrate the 
similarity of the stratigraphical sequence at Klockarberget-Saterberget with that 
at Stavsisen—Damm-—Hockla. Its main elements are represented in the same 
order in all the localities mentioned, as follows: 


Top. 4. Purple arkoses and sandstones interbedded with purple 
siltstones and shales. 
3. Very coarse purple polymict conglomerates. 


| The Red sparag- 
2. Light-gray arkoses and sandstones with coarse conglo- \ The Gray sparag- 

J 

J 


mite formation. 


mite formation. 
The Hede lime- 


stone formation. 


merates. 
1. Banded dark calcareous siltstones and shales. 


Base. 


Owing to the very complicated folding of the sequence, the thickness of the 
Sparagmite formations in the Saterberget—Digerknatten region could not be 
determined. The Gray sparagmite formation has a folding axis with a low west- 
ern dip and can be followed from Klockarberget about 1.5 km towards the 
west where it dives down and disappears. The division, which on a rough esti- 
mation has a thickness of some 50 m, consists of very varying members, as gray 
to dark-green arkoses (39), pale feldspathic quartzites (40, 74, 75), and dark 
siltstones (46) together with repeated layers of coarse polymict conglomerates. 
The Red sparagmite formation, at least 150 m thick, consists of red conglome- 
rates, red shales (79, 80, 82), red arkoses (53), and feldspathic sandstones (60, 
61, 69, 70, 72) which can be followed from Klockarberget in the east to V. 


Réstan in the west. 
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Vitasen 


At Vitdsen, west of the large N.-S. fault in the western part of the map, the 
sparagmites are usually in almost horizontal position or sligthly folded with 
varying directions of dip. Slightly tilted continuous plane sheets of sparagmite 
with sizes up to 50 X 100 m are of frequent occurrence. A folding axis observed 
in the field showed a dip of 30° SSW. The sparagmites consist of violet, pale- 
violet or light-gray rather equigranular feldspathic sandstones (63, 66, 73) with 
a visible thickness of about 200 m. In distinction from the north-eastern and 
eastern region neither coarse, clastic arkoses and conglomerates nor red shales 
have been found. This agrees with the conception that the regions W. of the 
fault-line have not been noticeably pushed up. On this account neither the deep- 
seated Gray sparagmites nor the lower parts of the Red sparagmite formation 
appear on the surface. 


Torrberget 


At the north part of Torrberget the basal conglomerate of the Red sparagmite 
formation rests upon granite. This is probably the conglomerate mentioned by 
TORNEBOHM (28, p. 48) from this region. It can be followed around the summit 
of the mountain and dips towards it. It is furthermore found about 750 m SW. 
of the first locality. The conglomerate is 15-20 m thick and is overlain by 10-15 
m of violet sandstones. It consists almost exclusively of closely packed rounded 
boulders of red granite, rarely of quartz, mostly 20-30 cm, in a matrix of dark- 
violet feldspathic sandstone (62). The granite boulders are derived exclusively 
from the underlying granite. In the bottom of the conglomerate, the rounding 
of the boulders becomes less perfect. Finally they give way to irregular sharp- 
edged tightly packed blocks of the size of } metre. Thus the homogeneous granite 
merges gradually into the conglomerate. Both with regard to the size of the 
boulders and the character of the matrix the upper portion of the conglomerate 
resembles those described above at the base of the Red sparagmite formation 
e.g. at Stavsasen—Damm. The above-mentioned basal conglomerate of the Red 
sparagmites which passes downwards into a weathering breccia has its counter- 
part within the sheet Sondre Femund in Norway (G. Hotmssn, 10, pp. 19-20) 
where the Red sparagmite rests in a similar way upon the Archean, and via 
a weathering breccia passes upwards into a conglomerate. 

Consequently rocks of the type which form part of the Hockla basal forma- 
tion, the Hede limestone formation, and also the Gray sparagmites are missing 
to the north of Torrberget and have probably never been deposited here. 

This seems also to be the case all along the northern boundary of the region 
of the Red sparagmite where no traces of the lower sedimentary complexes have 
been observed, but where the rocks in closest vicinity of the granites are coarse 
red arkoses including fragments of red granite of centimetre size. 

The entire region from Vinberget in the west to the line Hammarbergen- 
Ulvberget in the east consists mainly of very uniform violet to pale-violet arko- 
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ses and feldspathic sandstones, as a rule of medium grain-size. The occurring 
coarser rocks consist of less well sorted greenish gray to bluish gray arkoses spot- 
ted with grains of red feldspar. 

The thickness of the Red sparagmite formation has been estimated in different 
localities at the following figures: 


Vitasen >200 m Saterberget >150m The northern part of 

‘Torrberget >30 m 
Nupdalasen >I00 m Gammelvallsberget > 180 m Ulvberget >75 m 
Hammarbergen > 50m Stavsasen > 15m Hockla >Iom 
Husberget >200 m Furuberget > 50m 


Farthest to the east within the area of the map the Vemdal quartzite formation 
extends in the shape of feldspathic quartzites, quartzites, quartz conglomerates, 
siltstones, and shales (see p. 356). Towards the sparagmites in the west it 
exhibits a sharp tectonic boundary exposed in several places from Ulvberget 
and towards NNE. 


The tectonic boundary between the Sparagmite-granite complex and the 
Vemdal quartzite 


A sharply marked tectonic boundary between different kinds of rocks can be 
traced from Ulvberget in the south via Nafjan and farther towards the NE. 
far beyond the area of our map. In the region N. of Hammarbergen, gneiss- 
granites are thrust in southern and southeastern direction over the Vemdal 
quartzites. At Orrhégberget, E. of Sér Veman, STROMBERG (26, pp. 206-207) has 
shown that the gneiss-granites with an underlying mylonite zone rest directly 
upon the Vemdal quartzites. In the same region this author also noted the com- 
mon occurrence of imbricate structure in front of the large thrust-line between 
gneiss and quartzite. The quartzite region in the SE. is separated from the 
north-western region, which consists alltogether of gneiss-granites, by a tran- 
sitional zone formed of alternating sheets of gneiss and quartzite. 

Also in the area S. of Hammarbergen an overthrust of granites towards the 
E., SE., and S. can be observed but here the Sparagmite series, which rest upon 
the granites, has been included in the thrusting. During this process the spa- 
ragmites have been separated from their granite foundation along large portions 
of the boundary, and have thus come to rest directly upon the Vemdal quart- 
zites. 

Considering the primary contact between granite and sparagmite at the north 
part of Torrberget (p. 314) a movement on a larger scale of the sparagmite 1n 
relation to the underlying granites is unlikely. This becomes obvious also at all 
localities where the granitic basement together with the sparagmites has 
been pushed over the quartzites in the east. 

All over the bay formed by the quartzites between Hammarbergen and Gam- 
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melvallen the Red sparagmites, which here are developed as violet sandstones, 
rest upon yellowish green pure quartzites.belonging to the Vemdal formation. 
These quartzites dip everywhere below the sparagmite. 

Depending on the direction assumed for the movements of the sparagmites, 
the following minimum values for the relative movement between sparagmite 
and quartzite are obtained: 


From W. towards E. results in about 2 km 


oa NIWe Ae SE. pal whee Pes 1h eax 
See NIN Wie? , SSEe iy RWS gg ae | 
Ff N. " S. PT Wo Le ee | 
ee ININIE a ss SOW ee aie este ese 7a En 


Observations of the dips and of the direction of the axis of the folds show that 
the directions of movement of the sparagmites probably varied mainly within 
the sector NW. to N. to which the estimated distances of thrust between 2 and 
4 km belong. ; 

Below are given some observations of granite protruding between the sparag- 
mites and the Vemdal quartzite. 

About 800 m SSW. of Gammelvallen occurs a sheet of dark-red granite- 
mylonite, about 5 m thick, overlain by red feldspathic sandstones. It is thrust 
over Vemdal quartzites which are exposed for some tens of metres, and consist 
farthest down of light-gray, and then yellowish green quartzites. 

The relations between the sparagmites and the Vemdal quartzites in the 
boundary region about 400 m V. of Gammelvallen are shown in the section, 


Fig.e7. 


Sparagmite. Purple feldspathic sandstone. 


Grayish-green feldspathic sandstone, > 15m. 
spotted with red. | 
Dark-purple granite-mylonite. 2 dm. 


Thrust-plane 
Grayish-green quartzite. 
Vemdal White quartzite. 
quartzite. Covered. 
Grayish-green quartzite. 
Thrust-plane? 
Sparagmite. Dark-purple feldspathic sandstone. 
Covered. 
Thrust-plane ? — 
Covered. 
Vemdal quartzites. 


Sparagmite with an underlying sheet of granite is thrust over a strongly 
compressed sequence of Vemdal quartzites. These, in turn, rest upon red feld- 
spathic sandstones, and finally Vemdal quartzite reappears in the lower portions 
of the slope. In spite of the fact that the conditions at this locality are not per- 
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Vemdal quartzite 


Red sparagmite 2 


Fig. 7. Section of the NE. part of Gammelvallsberget, 
3 km ENE. of Hede church. 


Granite-mylonite 


fectly clear the assumption may be permissible that the slope consists of a series 
of scales piled one upon the other. This is in accordance with the “Schuppen 
tectonics” in the front of the large thrust-line between gneiss and quartzite 
mentioned by STROMBERG. 

As far as the tectonics are concerned the granite in the region of Ulvberget 
occupies principally a similar position as the granites around Gammelvallen. 


Ulvberget and the neighbouring regions 


Uluberget, situated about 4 km E. of Hede, forms the SE. boundary of the 
great sparagmite area N. of the Ljusnan. A. G. Hocgom (14, p.1 38) writes that 
it “is of no mean interest, although the local conditions must still be regarded as 
unsettled” (author’s translation). He adds a sketch-map of the mountain and its 
surroundings (14, p. 7), and mentions a number of interesting facts without, 
however, entering into any attempts towards the explanation of the tectonic 
structure of the region. Later Happ1nc (9, part III, pp. 160-163) has published 
some sections from the SE. part of Ulvberget (see p. 337). 

A detailed map of Ulvberget has been prepared by the present author to the 
scale of 1:10,000 (see Fig. 8 and section Fig. 9). The granite forms two separate 
sheets, a lower one of about 80, and an upper one of about 40 m thickness (Fig. 9). 
The upper sheet dips 45° NW. It has been thrust about 10 m over the lower 
sheet and forms the roof of the so called Getgrottan, a cave of about 75 m length 
(see Figs. g and 10). The extension of the granites in the region of Ulvberget is 
otherwise seen in the map (Fig. 8). In the north, the Vitan runs for a distance of 
about 200 m along a zone of granite mylonites which dip 55 SW. These gradu- 
ally wedge out, but an isolated sheet of granite mylonite, about ro cm thick, is 
found between red sparagmite sandstone and white Vemdal quartzite in the 
extreme north (see Fig. 8). 

Originally, the granite of Ulvberget has probably formed a hill which rose 
above the surrounding Archean under the covering sedimentary layers (p. 321). 
Later, in connection with the obliquely and upwardly directed overthrust, this 


1 A preliminary geological sketch map of parts of Ulvberget and a written explanatory report 
has been kindly put at the author’s disposal by Dr. N. Marxiunp who had visited the locality 


on several occasions in 1950-1951. 
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SECTION THROUGH ULVBERGET 
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Fig. 9. Section through the overthrust front in Fig. 8. 
Parautochthonous: 

1. Granite. 

. Calcareous siltstones and shales. 

3. Calcareous siltstones and shales with / The Hede limestone formation. 

boulders and fragments of granite. J 
4. Sparagmites. (Above Getgrottan gray and red sparagmites occur. Below 
the cave conditions are unknown.) 
Allochthonous: 
5. The Vemdal quartzite formation. 


N 


hill has penetrated the whole sequence of overlying sediments and, thus, become 
still more conspicuous. 

The tectonic sequence of events at Ulvberget was probably the following. 
During a first phase the Vemdal quartzites of our area, which are connected with 
the Sonfjall massif and with the other clearly allochthonous quartzite massifs 
in the east, have on the whole taken up their present position. During a second 
phase, the Ulvberget granite being an essential part of the granite region which 
moved towards SE. and S., has penetrated the sequence of rocks of the over- 
lying Sparagmite series. In this connection the whole stratigraphical sequence 
has been inverted all along the thrust-zone. During this process the sparagmites 
have been completely squeezed out, and thus the Hede limestone now is found 
at the base of the advanced granite nappe resting with a sharp tectonic discord- 
ance upon the compressed Vemdal quartzites. On a minor scale this entire 
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Fig. 10. Ulvberget. View from SE. The thrust-plane between the upper and lower granite sheets 
is seen. Boulder-bearing Hede limestone is squeezed between the granite sheets in the cave 
called “‘Getgrottan”. Photo G. Stalhés. 


sequence of tectonic events is repeated in the small rise of the foundation which 
lies immediately SE. of the front of the large overthrust (Fig. 9). The last- 
named small upthrust can be looked upon as the embryonic stage of a ‘‘Schuppe”’ 
in the front of the large overthrust as mentioned earlier (pp. 315 and 316). 

In the middle part of Ulvberget remains of the basal Hede limestone forma- 
tion have been preserved in the so-called Getgrottan where they are wedged 
in between the two granite sheets mentioned above, and also in several other 
places along the very steep southern slope of the mountain where they almost 
give the impression of being stuck to the support. The upward vaulting of the 
sedimentary series resembling an anticline which obviously has taken place at 
Ulvberget, and which has been followed by the inversion of a southern limb, has 
its direct continuation westward to the region around the Lunan where the anti- 
cline wedges out. The thrust-plane below the limestone in Ulvberget continues 
presumably in westerly direction. At the place where the railway and the road 
cross near Ostbacken, the southern limb of the fold is found to contain first 
Gray and, farther towards the NW., Red sparagmites. Thus the squeezing out 
of the sparagmites which is complete at Ulvberget ceases towards the west. 
Consequently the plane of overthrust cuts obliquely through the sequence of 
the Sparagmite series and reappears farthest in the west below the Red sparag- 
mite. ‘This is represented by a marked streak of blocks consisting of coarse violet 
polymict conglomerates extending to the western part of Husberget where 
identical conglomerates have been found in situ. The core of the anticline which 
consists of Hede limestone, and which reaches from Ulvberget to the western 
part of Husberget, contains in several places folded-in masses of Gray sparagmite 
with conglomerate (p. 324). Also a very pronounced imbricate structure occurs 
there, exhibiting numerous sheets of granite mylonite wedged into the basal 
portions of the limestone. These sheets which can reach a length of some tens 
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Fig. 11. Hede limestone of boulder clay 

type, 1 km to the west of Ulvberget. 

1. Dark calcareous siltstone with sandy 
layers. 2. Granite. 


of metres and a thickness of a metre (cf. also p. 324) indicate that (1) the granite 
support is found immediately below the limestone and very close to the surface 
of the ground, and that (2) the granite support has taken an active part in the 
development of the anticline and therefore exhibits great similarities with the 
granite of Ulvberget from the tectonic point of view. 

Through the compression and folding of the Hede limestone by the ad- 
vancing granite support, considerable heights have been formed where it is 
tempting to overestimate the thickness of the limestone. The thickness of the 
limestone has been given by A. G. H6cBom (14) as 75-80 m, but does probably 
not exceed about 30 metres. 

The primary contact between Hede limestone and granite in the southern 
slope of Ulvberget (p. 320) also suggests that the Hede limestone rests directly 
upon granite in the above-mentioned anticlinal area. The different conditions 
in the west, at Hockla—Stavsdsen and Vinberget, have already been dealt with. 

The Hede formation which in its lower parts consists preponderantly of dark, 
more or less clearly banded calcareous shales contains, however, occasionally 
also abundant granite boulders of varying diameters. About 1 km WNW. of 
Ulvberget and quite close to a smaller sheet of granite mylonite which is wedged 
into the limestone, occurs a zone of dark Hede limestone with sparse rounded 
granite boulders between 10 and 50 cm diameter. This zone is about 3 m long 
and 1.5 m broad (Fig. 11). Such boulders are also found in abundance in 
Getgrottan (Fig. 12), and in the long and narrow limestone anticline in the 
south-eastern part of Ulvberget. If the great similarities between this develop- 
‘ment of the Hede limestone with a boulder clay could be ascribed any genetic 
significance, a glaciation might perhaps be assumed for this time (p. 336). 

Apart from these relatively well rounded boulders of granite the limestone 
of all localities at Ulvberget exhibits a strong admixture of angular fragments 
of the same granite which also forms the boulders. The very local occurrence of 
these angular fragments just around the Ulvberg granite can be explained by 
the assumption, referred to already (p. 317), that, at the time of deposition of 
the Hede limestone, this granite formed a height which dominated over the sur- 
roundings and from which an extensive local transport of granite material was 
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Fig. 12. Granite boulders in dark siltstone 
belonging to the Hede limestone formation. 
Getgrottan, Ulvberget. Photo G. Stalhés. 


taking place. ‘The sedimentary breccia which, in this way, was formed became 
crushed in connection with the tectonic movements, and in places a certain 
parallel arrangement of the fragments was produced. In Getgrottan, it can 
thus be observed that boulders of granite have been completely or partly crushed 
in certain places, and that the angular fragments of granite resulting from this 
process have moved into the surrounding ground-mass. 

At the same place another less common development of the Hede limestone 
is to be seen, viz. a blue black arkosite (16), 3-5 m thick, wedged in just below 
the overthrust granite. An exactly similar arkosite is found 75 m below this level 
at the foot of the mountain (see Fig. 8) where it is wedged in below the lower 
sheet of granite. 

It has already been mentioned that the contacts of the Hede limestone forma- 
tion with the Vemdal formation are clearly of tectonic nature. The following 
observations of direct contacts between the formations have been made in the 
immediate vicinity of Ulvberget: (1) At the foot of Ulvberget, farthest to the 
west: black banded calcareous siltstone with boulders and fragments of granite 
upon grayish white feldspathic quartzite. (2) In the easternmost limestone streak 
farthest in the south: grayish green feldspathic sandstone (100) rests for a long 
distance upon siltstone with boulders and fragments of granite. (3) 200 m NE. 
of locality 2: calcareous siltstone with boulders of granite upon bluish gray feld- 
spathic quartzite (87). (4) The crossing of the limestone streak by Vitan: grayish 
blue feldspathic quartzite upon black feebly calcareous siltstone. 

A narrow zone of the Gray sparagmite formation runs between the Red 
sparagmite and the Hede limestone from Saterberget via Husberget as far as 
Ulvberget (see Pl. 1). This is formed, in the western part of Husberget, by 
gray to grayish green to whitish gray medium-grained arkoses (37) and feldspathic 
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quartzites (41) at least 4o m thick, with a single coarse polymict conglomerate 
in the upper parts. The sequence of strata dips 30° NE. Other outcrops are found 
2 km to SE. They exhibit a series of medium- to coarse-grained light-gray to 
gray or grayish green arkoses and feldspathic quartzites with a total thickness of 
75-100 metres. The series dips 60° NE. and contains, in its upper part, a polymict 
grayish green conglomerate 3 m thick. TORNEBOHM in one of his papers (28, 
Fig. 24) has designated this sequence of strata as Vemdal quartzite creating 
thereby considerable confusion in the interpretation of the relative age of sparag- 
mite and Vemdal quartzite. Conditions in the field as well as the lithology of the 
rocks, indicate that we have here Gray sparagmite. At the west part of Ulvberget, 
finally, some 50 m of Gray sparagmite rest with an intervening granite mylonite 
zone upon granite. The Hede limestone has obviously been squeezed out here. The 
Gray sparagmite consists entirely of grayish green to gray arkoses and feldspathic 
quartzites. There is no sharp boundary towards the Red sparagmite but the 
arkoses contain a gradually increasing amount of grains of red feldspar. At the 
same time the weathering crust assumes the pink colour which is typical for 
the Red sparagmite. The only marked interruption in the otherwise rather mono- 
tonous sequence are red and light-green shales met with in the Red sparagmite 
in some places. As some parts of the sequence are not accessible to observation 
some unknown conglomeratic layers might exist. In Ulvberget the Red sparag- 
mite reaches a maximum thickness of 75 m and consists almost exclusively of 
violet feldspathic sandstones which become paler downwards. 

A considerable part of the Vemdal quartzites round Ulvberget and in the 
boundary zone towards NNE. is strongly crushed (see Table r1). In the north 
the zone of contact with the sparagmites contains exclusively pure quartzites 
whereas in Ulvberget only feldspathic quartzites and feldspathic sandstones are 
represented. This demonstrates that throughout its length the overthrust 
has cut obliquely across the sequence of the Vemdal quartzites of which the 
lower levels, richer in feldspar, are represented by the feldspathic quartzites of 
Ulvberget, while the higher levels with little feldspar are represented by the 
pure quartzites in the NNE. The feldspathic quartzites at Ulvberget with their 
inclusions of quartz conglomerate form, moreover, a direct continuation of 
corresponding formations in Vikarberget and Olberget (cf. FRODIN 7, p. 44). 
The orientation of the quartzites is very variable as can be seen from the nu- 
merous dip observations on the map. The northern part of the valley of the 
Vitan cuts a nicely vaulted anticline. This contains, at the base, bluish gray feld- 
spathic quartzites with a coarse quartz conglomerate of the same type as in Vikar- 
berget and Olberget (see p. 362). The often very thick conglomerates mentioned 
are obviously intraformational and appear mainly in the lower levels of the 
quartzites which consist essentially of feldspathic quartzites and feldspathic 
sandstones. 

Typical Red sparagmite (64, 76) is exposed in Vikarberget in two places but 
its relation to the surrounding quartzites could not be observed. Both outcrops 
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measure a few metres only. The northern outcrop exhibits a distinct dip of the 
strata of 40° N. Here the sparagmites aré either parautochthonous, having reached 
their present position through some rise of the support, or they represent torn- 
off portions of the sparagmites found in the west, having been carried along at 
the bottom of the allochthonous Vemdal quartzites. The occurrence of alloch- 
thonous Red sparagmite at the base of the Vemdal quartzite nappes observed 
by ZENZEN (31) in the Idre region, Darlecarlia, is in favour of the latter alterna- 
tive. Here, Red sparagmite overlain by Vemdal quartzite is thrust over Cambro- 
Silurian beds. Further, the Moelvs-sparagmite in Norway, which is equivalent 
to the Red sparagmite in Hirjedalen, has been included in the allochthonous 
“kvartssandsteins-dekket”’ by SkjESETH (24). A compilation of the stratigraphi- 
cal sequence at Ulvberget gives the following result: 


Red sparagmite about 75 m 

Gray sparagmite about 50 m 

Bluish black fine-grained calcareous arkosite (16) about 3-5 m. 

Dark calcareous shale containing boulders and fragments (18, 
22, 23) about 3-5 m. 

Granite (6, 9). 


The Hede limestone | 
formation. | 


The area near the railway NW. of Ostbacken 


Within an area of about 0.5 sq.km situated about 2 km E. of Hede the bed- 
rock exhibits numerous outcrops (Fig. 13). 

The Gray sparagmite consists of gray arkoses and feldspathic sandstones in 
alternation with coarse polymict conglomerates. Petrographically it corresponds 
entirely to the Gray sparagmites, p. 322, which form a streak from Ulvberget in 
the E. along the southern slope of Husberget (PI. I), and most likely it has been 
connected with them as suggested by remains of Gray sparagmite with coarse 
conglomerates of exactly the same appearance as found as in-foldings in the inter- 
vening calcareous area. 

A bending down towards SW. of the Hede limestone and of the Gray sparag- 
mite can be observed along a narrow belt of steeply inclined structures which 
can be traced from the railway crossing for about 500m towards NW. with a 
mainly NW. strike. In the first calcareous zone from the west (Fig. 13), the 
limestone disappears with a SW. dip under the Gray sparagmite. In an outcrop 
immediately E. of the railway crossing a complete fold is exposed with the 
Hede limestone resting upon Gray sparagmite in an overturned anticline 
dipping 35° towards the N. 70° W. 

The large thrust-plane below the limestone at Ulvberget can be followed in a 
westerly direction to the railway crossing. From this spot the Gray sparagmite 
forms the base of the thrust-plane (see p. 320). 

The granite in the mapped area represents one of the numerous granitic 
‘“Schuppen” in the calcareous region W. of Ulvberget (p. 320). The strongly 
pressed shale which has been pushed up in front of the granite sheet resembles 
the shale which appears in the Hockla basal formation. 


THE SPARAGMITE SERIES AND THE VEMDAL QUARTZITE 325 


= 


Gray sparagmite 
Conglomeratic 
Strongly tectonized 
Hede limestone 
{ Conglomeratic 
Dark gray shale 
Granite partly mylonitized 


Thrust plane 


Outcrops Gt) 
SS 


Geological Map of the area at the 
ROSSING RAILWAY—=HIGHROAD 2KM EAST OF _H 
=== 


IDs yee 10S 


The second zone of limestone is a syncline of banded dark Hede limestone, 
10 m thick, with NW.-SE. strike. At the base of the limestone a conglomerate 
is found with cobbles of grayish green granite and, more sparsely, of green 
porphyry. A similar conglomerate appears at the bottom of the westernmost 
streak of limestone. Tentatively it can be assumed that the limestone has been 
originally intimately connected with the sheet of granite in its neighbourhood, 
and that it has been thrust forward together with it. 


Petrology of the rocks 
The Archean bedrock 


The Archean bedrock in the region of Hede consists almost exclusively of 
granites and gneiss-granites. ‘These are represented to a large extent by porphyr- 
itic varieties, but also types with more uniform grain and fine-grained aplitic 
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granite occur. ‘The diameter of the “eyes” in the porphyritic granites is usually 
0.5-I cm, more rarely 2-3 cm. The coloyr varies according to the character of 
the feldspar. The “eyes” of potassium feldspar consist of large uniform porphy- 
roblasts whereas the eyes of plagioclase consist, as a rule, of an accumulation 
of smaller crystals. The plagioclases which are almost without exception saussu- 
ritized and sericitized thus obtain a pale greenish to grayish green colour. In the 
coarser varieties the quartz is slightly bluish gray, and occasionally forms eyes of 
2-4 mm. The principal dark minerals are epidote-clinozoisite, penninite, biotite, 
and hornblende, in order of frequency (see Table I). Sphene, in varying amount, 
is always present. 

Within most of the zones where the granite has been exposed to stronger 
tectonic influence, its originally red colour changes into more subdued grayish 
green to green tints. Formation of chlorite has taken place at the expense of 
biotite and hornblende which confers to the strongly pressed bedrock a dark- 
green schistose appearance (5). Sericitization of the plagioclase and deposition 
of calcite in fissures and veinlets, particularly in the potassium feldspar, contrib- 
utes to the toning down of the red colour of the rock. The granite cobbles found 
in the conglomerates are grayish green to green, with few exceptions (see the 
conglomerate from Torrberget, p. 314) and are often even more altered than 
the granites in the bedrock. Side by side with the chemical changes mentioned 
the granites have also been crushed mechanically. This crushing has given rise 
to a rich choice of granite mylonites ranging from those in which the mineral 
grains were only partly crushed to typical ultramylonites consisting of an ex- 
tremely fine-grained isotropic ground-mass mixed with a few coarser mineral 
fragments. The crushed granites are sometimes recrystallized and then assume 
a vitreous, quartzitic appearance (6). The resulting colour is lighter or darker 
depending on the content of dark minerals. In some cases at Stavs&sen and N. 
of Vinberget black ultramylonites, reminding of mudstones are found. These 
rocks are soaked with calcite, chloritized, and crushed, and their dark colour 
is due to a coaly substance in a very disperse state. 

The dark-red granite-mylonites from Vitasen and V. Réstan mentioned on 
Pp. 302 and similar types at Gammelvallsberget are coloured by finely distributed 
hematite. 

Common to all the granites of the region is the formation of porphyroblasts 
of microcline-perthite or microline at the expense of plagioclase. Thus, patches 
of microcline with uniform optical orientation are sometimes found included jn 
the plagioclase. In other cases the plagioclase is included in the microcline in the 
form of uniformly orientated remains. 

The content of anorthite in the plagioclase of the Archean rocks is shown in 
Table I. The determinations have been carried out in sections 1 PM on the 
universal stage. The average content of anorthite varies between 6 and THO 

The plagioclase occurs in rectilinear plate-like crystals twinned to the albite 
law. The most obvious type of alteration is saussuritization, but in same cases 
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sericitization is quite dominant (see Table I). Often plagioclase enters more 
abundantly than potassium feldspar,- e.g. in the grayish white porphyritic 
granodiorites from Ulvberget (9). 

Potash feldspar enters abundantly partly in the form of microcline-perthite, 
partly as quadrille structured microcline. It forms large perfectly transparent 
porphyroblasts at the expense of the plagioclase and is, thus, a mineral of late 
formation. 

In the case of the quartz at least two generations can be distinguished, one 
earlier with crystals enclosing microliths and one later without microliths. The 
later generation of quartz is restricted to small areas with rectilinear outlines 
which are bordered by idiomorphic crystals of plagioclase. To this generation 
belong probably also small drop-shaped inclusions and fillings of fissures of 
quartz in the porphyroblasts of potassium feldspar. The quartz exhibits undu- 
losity to a large extent. 

Biotite is sparse in the granite from Gethégen, but is rather common in Ulv- 
berget. In the other granites examined it occurs only sporadically. 2V is 
near o°. It is strongly birefringent and pleochroic; at Gethégen: «colourless— 
yolive-brown; Ulvberget: a«colourless-yyellowish brown; Hockla: alight 
yellow-yyellowish green. It is usually more or less extensively altered into 
penninite. The biotite often also includes epidote-clinozoisite together with 
idiomorphic sphene and crystals of apatite. 

Hornblende usually more or less epidotized, is found in small quantities only 
in a few granites. Hornblende from the granite of Gethdgen has the following 
data: N, ~N,=0.018 determined | 8, 2V,=68°, c/,, 1. B=15°. Pleochroism « 
feebly yellowish green-ybluish green. For the hornblende from the granodio- 
rite of Ulvberget has been determined: c/,, | B=21°, N,,—N,=0.019 and pleo- 
chroism yellowish green—green. According to WINCHELL (30, p. 250) the op- 
tical data point towards a common hornblende. 

Epidote-clinozoisite is found in abundance in Ulvberget and Gethogen (8, 9) 
(se Table I) forming relatively large crystals in part obviously secondary after 
hornblende. In this case the pleochroism is colourlesslight green and the bi- 
refringence N, —N,=o.028 | 8, corresponding to an ordinary epidote (WIN- 
CHELL, p. 313). It is of late formation and appears as filling between rectilinear 
flakes of biotite which are transformed into penninite, and also frequently as 
filling of cracks which cross the other minerals. The saussuritized plagioclase is 
often entirely filled with fine needles of clinozoisite mixed with sericite. In this 
case both clinozoisite and sericite have been included with the plagioclase in the 
planimetric analyses (see Table I). 

Sphene is particularly well represented in the porphyritic varieties, often as 
crystals several millimetres in size; it sometimes includes idiomorphic crystals 
of apatite. 

Other accessories of importance are pyrite, zircon, and hematite. For the quali- 
tative distribution in the granites of the accessory minerals see Fig.0g: 
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At Hockla a light gray to greenish gray aplitic granite (1, 4) forms the im- 
mediate foundation of the basal conglomerate. The same granite enters also 
abundantly as cobbles both in the conglomerate mentioned and in the conglo- 
merates in the Hede limestone (see Table 10). The texture is xenomorphic and 
equigranular with grain-sizes 0.25-0.50 and sometimes up to 1 mm %. The 
quartz occurs generally as drop-shaped inclusions in the microcline. The plagio- 
clase is relatively feebly altered, and then usually sericitized. Otherwise the 
rock has been subjected to similar alteration as the granites mentioned above. 

The petrography of the granites in the region of Hede classifies them as gra- 
nites of the Ratan type as defined by HécBom 1920 (16, p. 33). A more detailed 
description of the granites from Ratan and their different varieties is given by 
von ECKERMANN (6, pp. 251-264) in the Loos-Hamra region. The modal mine- 
ral composition as calculated from numerous chemical analyses agrees very 
closely with the granites from the Hede region both with regard to the varieties 
poorer in quartz, intermediate granites and granite aplites. VON ECKERMANN 
places the formation of the Ratan granite some time between late Svionian 
and Jotnian and before that of the Rapakivi granite. 

Below Getgrottan at Ulvberget a swarm of dolerite dykes with a supposed 
strike towards N. or NE. is found in the granite. The dolerites are dark green 
and medium- to fine-grained with well preserved ophitic texture. A pidgeonitic 
pyroxene with low birefringence (2V, = 46°, c/,= 40°) constitutes a matrix be- 
tween laths of plagioclase of about 1 mm in length. Plenty of reddish brown 
biotite and ore in rod-like aggregates complete the picture of the rock. 


The Hockla basal formation 


At Hockla (see p. 329 and Figs. 1 and 2) the basal formation is initiated by a 
basal conglomerate of several metres thickness. This is characterized by its 
intensely black colour caused by a considerable amount of graphitic substance 
distributed partly in very dispersed state in the matrix, and partly in irregular 
loops and spots. An average sample of the matrix of the conglomerate, analyzed 
by J. Lukins gave 1.36 % by weight of C ~ 1.63% by volume. 

Planimetric analyses of the matrix are given in Table 2, only the fraction 
<3 mm being included. 

Table 2 


De 
% by volume 
Fine-grained 


: Feld matrix of chlo- | Graphitic Porphyry y 
Cuantz eye rite, sericite, substance fragments 
and quartz 
Hockla 60.0 14.6 16.0 9.0 0.0 99-5 
a 58.0 23.0 12.0 6.5 0.0 99.5 
of 38.0 17.0 43.0 0.5 1.0 99.5 


22 — 563279 Bull. of Geol. Vol. XXXVI 
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Fig. 14. Basal conglomerate with granite boulders and quartz pebbles from Hockla. Polished 
surface. Photo N. Hjorth. 


Quartz is abundantly represented, partly as larger grains, and partly as 
cementing medium together with chlorite and sericite. The poor agreement 
between the chemical and the planimetrical determination of the carbonaceous 
matter is probably due to the intimate mixing of the coaly substance with fine- 
grained chlorite-sericite matrix which thereby has become opaque. Minor 
amounts of titanite, zircon, epidote, and tourmaline have to be added to the 
values in Table 2. 

Amongst the cobbles and pebbles of the conglomerate granite and quartz 
greatly predominate. Most conspicuous is the quartz with its milky white, small, 
closely packed and often well rounded pebbles which rarely exceed a diameter 
of 2.0 cm. In other parts again the quartz grains are altogether angular. The 
cobbles of granite are well rounded and may attain a size of 10 cm (see Table 3 
and Fig. 14). All of them consist of the same types of granites as in the founda- 
tion but are usually more altered than the latter (see p. 326). 

The next division of the Hockla basal formation (Fig. 1) consists of strongly 
pressed dark gray silty shale of 3-5 m thickness. The same pressed shales with 
similar thickness are found also in a zone along the granite sheet at the railway 
crossing east of Hede (Fig. 13). The shale consists of angular grains of quartz 
and feldspar<o.o6 mm g in an abundant fine-grained sericitic to chloritic 
matrix (29, 30). In both localities the shale is pressed and folded by the neigh- 
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Table 3 
Diameter Number and kind of cobbles and pebbles of the basal 
in cm conglomerate in different size intervals 
Granite Quartz Porphyry 

0.5—1.0 II 17, I 
I.0-2.0 13 16 B 
2.0-5.0 12 4 I 
5.0-10.0 5 ° ° 
41 37 5 


bouring granite, and disintegrates along numerous fissures and cracks when 
struck with a hammer. The fissures are cemented by penninite or quartz. The 
dark colour of the shale is due to a certain content of graphitic substance which 
has been determined at 0.11% by weight ~ 0.13% by volume. 

The shales are overlain by fine-grained grayish green graywacke sandstone, 
the uppermost member of the Hockla basal formation. This has been noticed at 
Hockla (5-7 m), at Stavsdsen (2 m), and at Vinberget (5 m). Appearance as well 
as composition (24, 25, 26, 27, 28) are practically identical in all three localities. 
Angular, tightly packed grains of quartz and feldspar of 0.1-0.2 mm size are 
held together by a sericitic-chloritic matrix. Occasionally calcite occurs in 
amounts of o-5°%,. TORNEBOHM (28, Fig. 23) has, in a misleading way, applied 
two designations to the graywacke sandstone at Hockla terming it partly gray 
quartzite, and partly gray fine-grained sparagmite. HocBom (14, Fig. 12) on the 
other hand classified the whole graywacke sandstone including the underlying 
shale as gray quartzite, and believed the same formation to occur also in the 
eastern valley in Hockla. 


The Hede limestone formation 


The Hede limestone formation has been studied previously by A. G. Héc- 
BOM (14-16), SCHIOTZ (23), A. E. TORNEBOHM (28), G. Fropin (7), A. Hap- 
DING (9), and A. STROMBERG (25-26). ‘The two last-named authors have given 
the most detailed petrographic and stratigraphic description. HappING (9, pp- 
158-169) has published a number of sections of the Hede limestone in the region 
of Hede, in Randalen, and at Sorvallen about 4 km SW. of Randalen, with a 
petrographic description of the most important members of the formation. 
STROMBERG’S paper (25, pp- 309-316) contains a chemical analysis and a detailed 
petrographical study of the Hede limestone at Hede. 

The tectonic development of the Hede limestone is very variable. In the 
region of Hockla it is rather moderately folded (p. 303) whereas Stavsasen 
exhibits a very pronounced imbrication structure (p. 307). The region of Ulv- 
berget exhibits isoclinal folding as well as imbricate structure. 
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Below, a compilation of the estimated thickness of the Hede limestone forma- 
tion at different localities is given. : 


* 


Vinberget >2 m Klockarberget >2 m 

Sarvoset >15 m W. Husberget >15 m 

Damm >15 m Railway—road crossing > 12 m 

Stavsasen >2 m The area WNW. of Ulvberget >30 m 
E. Hockla >7 m Ulvberget 6-10 m 

W. Hockla >13 m Furuberget >10 m 


The triangular window of granite in the SW. part of the map has probably 
been entirely or partly covered by the rocks of the Hockla basal formation and 
the Hede limestone formation (p. 301). It is possible that the Hede limestone in 
Randalen, 10 km S. of the area of the map, may have been directly connected 
with the same formation in the valley of the Ljusnan in the Hede region. With a 
length of about 15 km and a breadth of 5~r1o km the demonstrable extension of 
the basin in the Hede area, has, in any case, been considerable. 

In the western part of the basin, from Hockla in the S. via Stavsasen to Vin- 
berget in the N., the sedimentation has been initiated by the deposition of the 
Hockla basal formation, from the basal conglomerate up to and including the 
graywacke sandstone. At Ulvberget, however, and at some other neighbouring 
places, the Hockla basal formation seems to be absent and the Hede limestone 
has been deposited directly upon the granitic basement. Here, boulders of 
granite are embedded in the lower part of the limestone formation. Towards 
the supposedly peripheral region of the limestone basin, as at E. Hockla, Stavs- 
asen, Vinberget, and Ulvberget, the sediments exhibit decreasing thicknesses. 
In these localities a certain tendency towards a decreasing content of lime in the 
sediments can be noticed at the same time as the facial changes between fine- 
grained and coarse-grained clastic members are more pronounced. At E. Hockla, 
for instance, calcareous shales and shales free of lime alternate with beds of 
coarse conglomerate (p. 305). 

This lacuna in the series increases still more further to the north and thus, at 
Torrberget, not only the Hockla basal formation and the Hede limestone forma- 
tion are lacking, but also the Gray sparagmite formation, and the Red sparag- 
mite rests here directly upon strongly weathered granitic rocks. 

As shown by the analyses of Table 4, the rocks of the Hede limestone 
formation exhibit considerable differences in their mineralogical composition. 
The content of calcite varies between the extreme values of o and 95 %- Of 14 
analyses 3 gave values of > 50% calcite, 3 between 30 and 50%, 3 between 
1o and 30%, and 5 less than 10%. Pure limestones, according to the nomen- 
clature of PETTIjoHN (22, p. 290), are rare. Silty and clayey limestones and 
calcareous sandstones dominate. 

When the calcite disappears its place is taken by finely distributed pelitic 
substance of varying sericitic and chloritic composition. In certain cases the 
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fine-grained calcareous and pelitic substance is suppressed and rocks of the size 
grades of sandstones consisting mainly of quartz and feldspar develop. 

The restricted extension of the different members of the formation laterally, 
and their rapid changes in vertical direction make it hardly possible to establish 
an univocal stratigraphy. The following stratigraphical main elements can 
nevertheless be traced: 


Top. | 
Light gray arkoses transitional to the Gray sparagmites. Gametimnes 
Light gray fine-grained calcareous sandstones. | including 
Dark gray limestones, argillaceous limestones, calcareous ; Sneratomoations| 
silststones and shales, occasionally with a distinct banding; conglomerates 
these rocks are interbedded with layers of calcareous sand- ; 
stones. 

Bottom. 


The lower dark division is the thickest and the most characteristic for the 
Hede limestone. It occurs in all localities mentioned with the exception of 'Tall- 
berget and Vinberget. In the last place a calcareous sandstone rests upon the 
graywacke sandstone of the Hockla basal formation. The banding in the lime- 
stone is produced by an alternation between lighter, very fine-grained layers of 
calcareous sandstone with thicknesses between a millimetre and a centimetre, 
and layers of darker clayey and calcareous siltstones which are richly interming- 
led with graphitic substance. (Cf. HappINe, 9, Fig. 71, and STROMBERG, 25, 
Figs. 1-3.) 

At the surface of the layers of light calcareous sandstone the calcareous matrix 
has often been removed by solution, leaving behind a mass of unconsolidated 
sand. When, later on, this is carried away grooves are formed parallel to these 
layers which make the banding appear very distinctly upon the weathered sur- 
face of the rock. 

Apart from the banded members the main mass of the lower calcareous divi- 
sion consists of dark argillaceous limestones and calcareous siltstones. ‘The slightly 
sandy components in the rocks mentioned above are usually of the size grade 
0.06-0.2 mm. In the siltstones the size grade 0.02-0.06 mm is dominating, while 
the grain-size of the clayey limestones (17, 18, 19, 20, 21) is less than 0.02 mm. 
Apart from the mentioned members, intercalations of both light and dark calca- 
reous sandstones are found here and there in the shape of beds of some tens of 
centimetres, and of rapidly thickening lenses. In these the grain-size usually 
falls between 0.1 and 0.3 mm (12, 13, 14). Secondary growth of the quartz grains 
makes it difficult to determine the rounding of the grains (Table 4). A few 
more or less well rounded grains are occasionally to be seen. In one case (15) the 
rounded material is clearly dominant. The rock in question is poorer in lime and 
has a larger grain-size than the other calcareous sandstones. 

The calcareous sandstones of the upper division are in general light-coloured 
and sometimes somewhat coarser than those mentioned. Upwards, they pass 
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Fig. 15. A sedimentary breccia in the Hede limestone formation at Ulvberget (23). Angular 
granitic fragments in a sericitic matrix. || nic., 25 X. Photo N. Hjorth. 


into rocks gradually richer in feldspar and poorer in lime, and become finally 
indistinguishable from the overlying Gray sparagmite formation (10, 11). 

An unusual development of the Hede limestone is the bluish black arkosite 
(16) which appears at two places in Ulvberget (p. 322). It has a quartzitic appear- 
ance and contains more than 80% of quartz and feldspar, the clayey substance 
and the lime amounting together to less than 10%. The dark colour is due to a 
very high content of graphitic substance arranged in compact loops along the 
limits of the grains. 

At Ulvberget, the basal part of the Hede limestone formation, which here con- 
tains boulders of granite and much granitic detritus, is poor in lime but rich in 
argillaceous material, with the ordinary appearance of boulder clays. But only 
one kilometre to the west (Fig. 11) the formation is altogether free from such 
detritus and the sediment, in which the boulders are embedded, is very rich in 
lime. The usually sharply angular fragments in the siltstone at Ulvberget con- 
sist up to about 90% of granite, the remainder consisting mainly of porphyries 
(Fig. 15): 

The partly banded marly sediments with blocks and boulders of granite 
exhibit many features suggestive of a boulder clay of glacial origin; other 
mode of formation is, however, not excluded. 

It is of interest in this connection that Cur. OFTEDAHL (20, p. 285) has pre- 
sented evidences suggestive of a stage of glaciation preceding the deposition 
of the Biri limestone in Central Norway, the Biri limestone being, most probably, 
equivalent to the Hede limestone. Thus, two stages of Late Precambrian glacia- 
tion may be represented within the Sparagmite series of Central Norway, viz. 
one earlier and closely connected with the Biri conglomerate, and one later which 


THE SPARAGMITE SERIES AND THE VEMDAL QUARTZITE ZY) 


is the classical Moelv tillite of the Mjésen region. No trace of the latter has been 
found in the Hede area. 

According to STROMBERG (25, pp. 310-312) a chemical analysis of an average 
sample of the Hede limestone gave a ratio between CaCO, and MgCO, of 
2.6:1, the limestone thus proving to be dolomitic. Magnesium is particularly 
abundant in the tectonic fissures of some millimetres breadth, filled with white 
carbonate, which usually vein the rock. Here a supply of magnesium in connec- 
tion with the latest tectonic activities is supposed. The chemical analysis gave 
furthermore a content of carbon (C) of 0.86% by weight. This low figure is the 
result of the circumstance that also material from the light calcareous sandstones 
free of carbon had been included. STROMBERG (25, p. 311) determined by extrac- 
tion the content of bitumous oil in the Hede limestone and obtained 0.01% by 
weight (Cf. also HécBom, 16, p. 61). The distribution of accessory minerals in 
the Hede limestone formation is shown in Fig. 17. As only a few planimetric 
analyses have been carried out on the dominating dark calcareous shales but 
numerous analyses have been made of the light calcareous sandstones the dia- 
gram, Fig. 17, is not quite representative with regard to coaly substance and 
pyrite which are both extremely common in the dark shales. 

The primarily deposited organic substance which is now found in the shape 
of coaly substance and hydrocarbons together with the obviously secondarily 
crystallized pyrite, point to a deposition of the dark Hede limestone in stagnant 
water poor in oxygen. This is in agreement with HappINc’s opinion (9, p. 166) 
that the Hede limestone should have been deposited in lacustrine basins or in 
cut-off bays of the sea. Simultaneously with an abundant chemical precipitation 
of lime a very diversified sedimentation of fine clastic, coarse clastic, and con- 
glomeratic members has taken place. As structures suggestive of slumping are 
of frequent occurrence in the limestone, it can be supposed that the latter was 
often deposited upon an inclined surface. (Cf. STROMBERG, 250) 

It should be mentioned in this connection that the sequence of strata in the 
section described by A. Happinc from south-eastern Ulvberget (9, p. 160) 1s 
Vemdal quartzite-Hede limestone (developed as boulder clay)—Red sparagmite 
and not Hede limestone-Gray sparagmite-Red sparagmite. ‘Thus Fig. 73 in his 
paper represents a typical “blue-quartz”’ like feldspathic, graphite-bearing 
quartzite of Vemdal type (90), and not a variety of the Hede limestone. 

As the coarse conglomerates in the Hede limestone formation and those in 
the Gray sparagmite formation are very similar, they are being described here 
together. 

Material of cobbles and pebbles: Green porphyries > granites > pale-red porphyries > 


> quartz > quartzite. 
(Locally grayish green granites can be more abundantly represented than green por- 
phyries). 
Colour: Light gray to gray to dark gray to greenish gray. 
Cement: 1) Clay =calcite (sometimes missing). 
2) Quartz. 
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Rounding: Fairly good, particularly in grains of quartz and larger balls. Poor round- 
ing locally dominant. . 
Other data: Pyrite almost always present. 


* 


The most important localities for conglomerates in the Hede limestone are 
those at Hockla (p. 305) and Stavsdsen (p. 308). 

Gray sparagmite conglomerates occur in several places along the front of 
Husberget and Saterberget at the crossing between railway and road E. of Hede 
(p. 37), and at Hockla. 

An examination of the material of the balls in hand specimens of the Gray 
sparagmite conglomerate (about ; of the material) and conglomerate in the Hede 
limestone gave the following result, calculated from 50 balls with diameters 
above 3 cm (see Table 5). 


Table 5 
ee ea 
Pale grayish green, green, Gray, pale red Gray, pale green Quartz Guar 

dark green porphyries porphyry granites 
60 % IO % 101% 8% OW, 


As appears from Table 5, the rock material consists preponderantly of grayish 
green porphyries together with smaller amounts of granites, reddish porphyries, 
quartz, and quartzite. The usual diameter of the balls is 3-6 cm, more rarely 
10-25 cm. The largest ones are found mainly in the Gray sparagmite conglome- 
rates which occasionally reach a thickness of several metres. The cobbles and 
pebbles are usually well rounded and tightly packed with small amount of 
matrix. ‘The sandy element of the latter is variously, but often well rounded. 
The approximate composition of the matrix of the conglomerate in the Hede 

‘limestone, as far as particles <3 mm are concerned, can be seen in Table 6. In 
addition to the figures noted the following accessory minerals occur in varying 
amounts: zircon, titanite, apatite, tourmaline, and rutile. 


Table 6 
RPT Er Re 2 
Se Oe Ee eee 
at bog (28) se Mo Vy Seurmae 
Ol pee hha eos ke Os ~ 
a fe e 
Hockla 
Conglomerate 4. E. valley (see Pp. 305) 45 22 Ceo 0.5 0.5 99 
Conglomerate 3. E. valley (see Pp. 305) 41 19 6 17 ° 15 -.0-5eooes 
Conglomerate 2. E. valley (see p. 305) 39 15 5) 20) 0 3 99.0 
Conglomerate 1. E. valley (see Pp. 305) 43 RAM nL Beals 10) OS) 00.5 
Conglomerate. W. valley (se. DP: 305) 41 18 2 6 18 12 I 98.0 
Stavsasen 
Conglomerate (see p. 308) 39 27 6 oH PG 3 I 99.0 
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The mineral grains exhibit secondary growth at the edges due to crystalliza- 
tion of quartz in the same way as in the calcareous sandstones. 'The calcite in the 
matrix is corrosive with regard to the surrounding minerals, in particular to the 
plagioclase which usually appears corroded and penetrated by veins of calcite. 

The pyrite has crystallized secondarily in idiomorphic cubes. A crystallization 
of the larger cubes of pyrite by combination of smaller cubes can be observed. 
The cubes of pyrite are often entirely or partly hydrated and produce dark red 
reflexes in reflected light due to oxides and hydroxides of iron which thus 
appear pseudomorphous after pyrite. 


The Gray and Red sparagmite formations 


The distribution of the Gray sparagmite formation is shown on the map PI. I. 
The thickness varies from about 10 m at Hockla to 50-100 m in the long streak 
which extends from Ulvberget in the east to V. Réstan in the west (see pp. 306 
and 322). The formation is not clearly delimited from the subjacent calcareous 
sandstones but is distinguished from them by gradually decreasing content of 
lime, increasing content of feldspar, and an increase in grain-size. (Cf. p. 306.) 
The Hede limestone covers on the whole the same area as the Gray sparagmite 
formation. In the region W. of Ulvberget, where the limestone is thickest, also 
the Gray sparagmite reaches its greatest thickness, and in places where the lime- 
stone is absent, also the Gray sparagmite is missing. 

The appearance of intraformational coarse polymict conglomerates at several 
levels of the Gray sparagmites have been described in the preceding chapter in 
connection with the closely allied conglomerates in the Hede limestone. 

Upwards the sedimentation becomes increasingly coarser clastic and con- 
glomeratic, and reaches its maximum with the beginning deposition of the 
Red sparagmite. This starts with a porphyry conglomerate of about 10 m thick- 
ness, followed immediately by an alternation of red arkoses and shales. In the 
places where no Hede limestone and no Gray sparagmites have been deposited, 
the red conglomerate rests directly upon granite (cf. p. 314). The conglomerate 
can be traced over a wide area from Hockla via Stavsisen—Damm—Husberget 
to Saterberget (see p. 306) and still farther towards NE. to Torrberget. Already 
prior to the deposition of the red conglomerates a gradual change had taken place 
in the appearance of the Gray sparagmites. 

Thus, locally solitary grains of red feldspar make their appearance in the other- 
wise grayish green rock which gradually becomes coated with a pink weathering 
crust about a millimetre thick, and thereby the rock assumes an appearance 
resembling the Red sparagmite formation. A comparison of the quantitative and 
qualitative composition and of other features which characterize the Gray 
sparagmites with those of the Red sparagmites, does not point towards any 
essential difference in the conditions of sedimentation or in the supply of material 
of the two formations. The content of feldspar, the ratio between microcline 
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psammites from 1 and 2.See PETTIJOHN 
(22) p. 49. The values are taken from 
Tables 7 and 11. A=Angular, SA= 
Subangular, SR=Subrounded, R= 
Rounded, WR = Well rounded. 

B. Content of porphyry material plotted 
against total feldspars in rock-speci- 
mens from 1 and 2. 

C. Plagioclase plotted against total feld- 
spars in rock-specimens from 1 (42 
sp.) and 2 (31 sp.) 


0 ear yt ] _, Total 
60 % feldspars 1 Number of rock-specimens included 
10 6 15 in every interval. 


and plagioclase, and the other characters are very similar. (Cfve.g. 32, 49 Gam 
50). ‘Table 7 shows that the gray coloured varities of arkoses are in general 
richest in feldspar, irrespective of whether they are referred to the Gray or to 
the Red sparagmite formation, and that they have at the same time a high con- 
tent of porphyry fragments. This contradicts the opinion expressed by some 
authors that the Gray sparagmites should be more strongly weathered than the 
Red sparagmites, resulting particularly in a low content of the more easily 
weathered plagioclase feldspar in the Gray sparagmite. 

In the sparagmites microcline is the dominating feldspar throughout but in 
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one case plagioclase and microcline occur in equal amounts, viz. in (48) with 
25.5%, of each. The histogram, Fig. 16C, shows the ratio between the content of 
plagioclase and total feldspar in the rocks of the Sparagmite formations (Table 7) 
as compared with the corresponding rocks of the Vemdal quartzite formation 
(Table 11). In the Red sparagmite the fragments of porphyry and the grains of 
feldspar are, as a rule, reddish violet and red, respectively, while in the Gray 
sparagmites the corresponding colours are more subdued grayish green to gray. 

If, on the other hand, the material of the cobbles in the coarse conglomerates 
in the respective formations is taken into consideration, a comparison of Table 5 
with Table 9 shows considerable divergences. In the Red sparagmite con- 
glomerate cobbles and pebbles of red and violet porphyry greatly predominate 
whereas the conglomerates of the Hede limestone and of the Gray sparagmites 
contain mainly gray to grayish green porphyries, grayish green granites, and 
reddish porphyries, in this order. This suggests a certain difference in the compo- 
sition of the material in the two formations. 

The basal parts of the Sparagmite series, including the Gray sparagmites, have 
probably been formed to a large extent of local detrital products resulting from 
the weathering of granite hills which rose in the basin of sedimentation. The 
granitic gravel was then mixed with varying quantities of porphyry material 
derived from a more distant source region. With the filling up of the basin of 
sedimentation the supply of local granitic gravel decreased and the share of distal 
porphyry material augmented. 

The differences in appearance of the extreme types of the Red and the Gray 
sparagmites could also be due to secondary colour phenomena developed in 
connection with the metamorphosis of the rocks (cf. KULLING, 18, pp. 74-77): 
The dominant factor which determines the colour in the Red sparagmites is 
always hematite in one form or another. It occurs either in the form of a 
finely distributed material exclusively in the feldspars and in the fragments of 
porphyry as in the red coloured types of arkoses (47, 49, 52, 64, 72, 76), or 
likewise in the matrix as e.g. in the entirely pink to violet arkoses and feldspathic 
sandstones in the upper parts of the Red sparagmites (65, 66, etc.). If the hema- 
tite appears in the matrix in greater abundance or accumulates into compact 
loops along the limits of the grains, dark violet varieties can be formed (60, 
68, 70). 

Out of 53 sparagmites from the Hede region which have been examined pla- 
nimetrically, 20 can be classified as arkoses—arkosites with a content of feldspar 
> 30% according to the principles of classification mentioned above (p. 300). A 
great part of the Gray sparagmites and the lower portions of the Red sparag- 
mites belong to this group. Here coarse-grained rocks are most common with 
diameters of the grains of 0.5—1.0 mm. Varieties like (36) and (54) occur, how- 
ever, which approach the graywackes because of abundant matrix, the fine 
grain, the angularity of the grains etc. The rounding of the grains in arkoses 
usually falls within the interval SR-R (see Table 7). The quartz often occurs in 
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isometric well rounded grains while both shape and roundness of the feldspar 
are very variable. ‘This condition is general for rocks both poor and rich in quartz 
within the sparagmites as well as within the Vemdal quartzites. F ig. 16A repre- 
sents the distribution (in %) of psammitic rocks from the Sparagmite formations 
and the Vemdal quartzite formation within the four grades of roundness of the 
grains. Within the Vemdal quartzites the rounding is evidently somewhat better 
than in the sparagmites but the differences are not sufficiently great to permit 
any definite conclusions, particularly if it is kept in mind how difficult is the 
choice of a representative material. 

Certain arkoses have been subjected to heavy pressure resulting in the crushing 
of the grains, bent lamellae in the plagioclases, and strong undulosity of the 
quartz. By recrystallization these rocks have then been transformed into arkosj- 
tes with quartzitic habitus (33, 51, 38). 

In all sparagmites quadrille structured microcline and microcline-perthite 
enter in about similar amount. The perthite is of varied appearance with domi- 
nance of the coarser types. Authigenous potash feldspar is quite frequently 
filling fissures and veinlets in the sparagmites, 

The plagioclase is always more or less extensively sericitized. The high con- 
tent of plagioclase (cf. p. 346 and Fig. 16C) of the sparagmites as compared to the 
Vemdal quartzites is one of the most distinctive characters and suggests a more 
intense chemical weathering during the time of the deposition of the Vemdal 
quartzites than earlier. Another conspicuous petrographical difference between 
the sparagmites and the Vemdal quartzites is the abundance of porphyry mate- 
rial in the former and its scarceness in the latter (Fig. 16B) due, probably, to 
different source regions. 

The matrix of the gray arkoses consists essentially of a light green chlorite 
or a mixture of fine-grained quartz and chlorite-sericite in varying proportions 
(see Table 7). In all the various types of sparagmites chlorite is the pre- 
dominant mineral in the matrix, whereas sericite dominates in the Vemdal 
quartzites. Calcite enters occasionally particularly in the matrix of the gray 
arkoses adjoining the Hede limestone formation. 

Fig. 17 shows the distribution of the accessory minerals in the sparagmites 
and the Vemdal quartzites. Minerals which are practically always missing in 
the Vemdal quartzites are apatite, epidote, and hematite, whereas titanite and 
tourmaline are found occasionally. All these minerals are very common in the 
Spatagmites. Zircon, pyrite, and magnetite, on the other hand, occur both in 
the sparagmites and in the Vemdal quartzites. Graphitic substance is frequently 
found in the Vemdal quartzites but has been observed in one single instance 
only in a dark arkose belonging to the sparagmites from Stavsasen (35). A com- 
parison of Tables 7 and 11 shows that the accessory minerals occur much more 
abundantly, from the purely quantitative point of view, in the sparagmites than 
in the Vemdal quartzites. Biotite and muscovite appear very rarely in the 
sparagmites with the grain-size of sandstones. One kind of biotite exhibits pleoch- 
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roism in light yellow to reddish brown, another in light yellow to yellowish 
green. These two biotites probably originate from the subjacent granites where 
similar varieties are encountered. Otherwise the biotite exhibits the same trans- 
formation into green penninite in both sparagmites and granites (p. 328). 

Out of 53 examined sparagmites 22 fall within the systematic interval feld- 
spathic sandstones—feldspathic quartzites. These rocks form the main mass of the 
Red sparagmite formation in the Hede region and occur in all shades from in- 
tensely dark violet to an exceedingly pale grayish violet tint. Occasionally the 
violet colour element is altogether absent as e.g. in certain light gray to white 
feldspathic quartzites from the region of Klockarberget and elsewhere (74, Five 
Medium-grained rocks with grain-sizes of 0.2-0.4 and 0.3-0.5 mm dominate. 
Occasionally also fine-grained sandstones can appear (Table 7). ‘The rounding 
of the grains is usually one step better than in the arkoses, and lies in the interval 
R-WR. This is, however, subject to several exceptions particularly in the more 
fine-grained varieties as can be seen in Table 7. Both the well sorted violet 
feldspathic quartzites (60) and (61) exhibit extremely good rounding of the 
quartz as well as of the feldspar (Fig. 18). It is thus not possible to consider the 
sparagmites in general as formed by the rapid accumulation of detrital gravel by 
running water as has occasionally been asserted. It must on the contrary be 
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Fig. 18. Well rounded dark purple medium- 

grained feldspathic quartzite (60) (Red 

sparagmite). The grains are cemented by 

quartz and surrounded by a border of hem- 
atite. || nic. Photo N. Hjorth. 


assumed that prior to deposition an elaborate process of sorting and comminu- 
tion has taken place. > 

Apart from the higher content of quartz and the lower content of feldspar in 
comparison with the arkoses previously mentioned, it is particularly the abun- 
dantly occurring hematite which gives its distinguishing character to the group 
of rocks in question. The hematite is concentrated specially in the matrix of the 
most fine-grained varieties, e.g. in the dark violet fine-grained feldspathic 
sandstone (70) with 16 % hematite. A very moderate content of hematite <1 % 
is, however, often sufficient to induce the pink violet colouring characteristic 
of nearly all feldspathic sandstones in Table 7. With regard to the composition 
of the feldspar, the content of fragments of porphyry, and the accessory mine- 
rals, the conditions mentioned above for the arkoses apply also here. 

Isolated pebbles of different porphyries and other rocks with diameters up 
to several centimetres are, however, occasionally encountered particularly among 
the coarser rocks in the lower parts of the Red sparagmites (56). Such pebbles 
occur occasionally in great abundance and give then origin to beds of a conglo- 
meratic appearance. 

In addition to these pebbles of porphyry the Red sparagmite often contains 
fragments of green, red, and gray shales varying is size from some millimetres 
up to ten centimetres. This material has probably been derived from shattered 
horizons in the shaly levels, partly in the Gray sparagmites (see p. 305), and partly 
in the lowermost parts of the Red sparagmite, by the erosive action of shifting 
streams. 

Current bedding has been observed in the sparagmites only in a few outcrops 
as e.g. in the SW. slope of Saterberget where coarse light red arkose with cur- 
rent bedding is intercalated in a sorted dark violet sandstone. 

Calcite occurs rarely in the red varieties of sparagmite; it is, thus, found so far 
only in a fine-grained dark violet calcareous feldspathic sandstone at Stavsdsen 
(68), occurring together with red shales in a sequence of strata closely above the 
red conglomerates (see p. 307). In the Gray sparagmites, on the other hand, acer- 
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Fig. 19. A somewhat modified classification of rocks based upon mineral composition according 
to KRYNINE (17) and PETTIJOHN (22) (see p. 300) is shown in this triangular diagram. Fifty volu- 
metric analyses from the Gray and Red sparagmite formations in Table 7 are inserted as points 
in the diagram. The distribution of the points is easily seen from the fields of different point 
frequency. No pure quartzites could be established among the rocks of the sparagmite formations 
although in choosing the analysed material for the above diagram the sparagmitic rocks with 
expected low content of feldspar have been over- rather than under-represented. 


tain content of lime is of common occurrence in the arkoses (see p. 339) as well 
as in the feldspathic quartzites (41). In the upper parts of the Gray sparagmite at 
Klockarberget a gray medium- to coarse-grained calcareous sandstone is found 
(40). The rock consists of well rounded grains of 0.40.8 mm @ with a matrix of 
calcite, bordering on either side on fine-grained siltstone. 

No pure quartzites (<10% feldspar) have been found in the Sparagmite series 
of the Hede region (see Fig. 19) although specially looked for. A great number 
of sparagmites with quartzite-like appearance has been planimetrically examined. 
The lowest content of feldspar noted is 12.4 % in a pale grayish violet feldspathic 
quartzite from Ulvberget (77). Light feldspathic quartzites which very much 
resemble pure quartzites are found occasionally in the Gray sparagmite forma- 
tion (41), and in the middle portions of the Red sparagmite (69, 74, 75). ‘Two 
levels poorer in feldspar have been distinguished also by O. KuLiinc (18, p. 109) 
in the Sparagmite series of Vasterbotten, one in the lower parts corresponding 
to the Gray sparagmites, and the other in the middle portions of the sparag- 
mites. From the last named level, KULLING mentions also some pure quart- 
zites which have, however, no counterpart in the sparagmites of the Hede 
region. 

The remaining 11 of the 53 sparagmite rocks examined consist of fine-grained 
graywacke sandstones, siltstones, and shales, intercalated mainly in the Gray 
sparagmites and in the lower levels of the Red sparagmites. The thickness of 
these sediments varies from some centimetres to 4-5 metres. Only dark gray 
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Fig. 20. Sharp contact between hematite-rich 
and hematite-free sandy siltstone. NW. of 
Klockarberget. || nic. Photo N. Hjorth. 


shales are found in the Gray sparagmites (42, 43, 44, 45, 46), while red shales 
dominate, with certain exceptions, in the Red sparagmite formation (78, 79, 80, 
Si, 02,09). 

As a rule, the shales consist of a sandy fraction of 0.06-0.25 mm @ with" 
a variable amount of silty and clayey material (see Table 7). The sand grains 
are sharply angular throughout. The content of feldspar is usually very high; 
a considerable part of it consists of plagioclase, as is also the case in the more 
coarse-grained sparagmites. The clayey material consists of a fine-grained mix- 
ture of sericite and chlorite in varying proportions. Biotite enters as flakes some 
millimetres in size, parallel to the bedding plane. Various degrees of alteration 
are indicated by the change of the pleochroism: (1) Light yellow-brown, 2) 
yellowish green—dark brown, 3) colourless—light green. Biotite of similar types 
is found in the granites of the foundation (p. 328). 

Accessory minerals are much more frequent in the fine-grained sediments than 
in the coarser sparagmites (Table 7). Hematite enters abundantly in the red silt- 
stones and shales and has probably been introduced in the form of iron hydrates 
during the deposition of the sediment since absolutely sharp contacts exist be- 
tween red siltstone rich in hematite and light green siltstone free of hematite 
(Fig. 20). The shaly zones within the sparagmites are well preserved throughout. 
Only a feeble plastic folding is sometimes to be seen. 

In the diagram Fig. 19, the data of Table 7 on the mineral composition of the 
sparagmites are reproduced graphically. When the amount of accessories is 
<3 % vol., it has been included with the micaceous minerals; when > 3 % it has 
been deducted from the sum of quartz +feldspar + mica, and the rest recalcu- 
lated to 100%. The diagram exhibits two maxima, one for the composition of 
arkoses (38% quartz, 53% feldspar, 9% mica), the other corresponding to feld- 
spathic sandstones with 73 % quartz, 23% feldspar, and 4% mica. The composi- 
tion of the sparagmites varies within wide limits but none can be classified as 
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quartzites although when selecting rocks for analysis, such with apparently low 
content of feldspars may have been over-represented rather than under-repre- 


sented. 


Conglomerates associated with the Red sparagmites 


The conglomerates in the Red sparagmites are very conspicuous and charac- 
teristic on account of their frequently red to violet colours and the polymict 
nature of their balls. The occurrences at Stavsisen, Husberget, and Damm at 
Kvarnan were known to HécBom (14, pp. 140-142). Later Happ1Nc (9, p. 66) 
gave a detailed description of the conglomerate at Husberget. The distribution 
of the conglomerate appears from the map PI. I. 


Material of the cobbles and pebbles: Red and violet porphyry > green porphyry > 


granites > quartz. 
Colour: Violet te red or dark green with fragments of violet porphyry and red 


feldspar, etc. 
Cement: 1) Quartz. 
2) Clay > calcite. 
Rounding: Larger pebbles and cobbles are well rounded. Finer material subangular 


to subrounded. 
Other data: Relatively poor in quartz. Ore minerals mainly hematite. 


The clements in the conglomerate are, as a rule, rather large and well rounded 
with diameters of 5-10 cm, more rarely 10-20 cm. Their distribution 1s more 
scattered than in the types of conglomerate mentioned earlier. Most of them 
consist of violet, light red, and green porphyries together with a smaller num- 
ber of red granite and quartz. Quartzites of different kinds, arkoses, greenstone, 
dark brown porphyry, and others constitute less than 1% of the balls. The 
numerous red to violet cobbles and pebbles and the intense impregnation with 
hematite result locally in a vivid red or violet colour of the conglomerate. 
When the balls are more sparsely distributed and the hematite becomes less 
abundant, the matrix is dark green with interspersed grains of violet por- 
phyries, red feldspars, granite, etc. The composition of the matrix of the 


conglomerate, as far as particles <3 mm are concerned, is shown in Table 8. 


Table § 
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Dark purple conglomerate, Stavsasen 31 27 20 9 2 3 99 


Purple conglomerate Husberget, 1.5 km NNE. 
of Hede church 
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To the above-mentioned minerals then come minor quantities of zircon, 
titanite, epidote, etc. oe 

The most marked difference in the composition of the matrix of the above 
conglomerate compared to the conglomerate of the Hede limestone (p. 338) is 
the occurrence of hematite instead of pyrite, and the low content of calcite in 
the former. 

Table 9 shows the character of the cobbles and pebbles in the Red sparagmite 
conglomerate at Stavsdsen and at Damm. At Stavsasen 100 balls larger than 4 cm 
have been counted per sq.m, as against 50 at Damm. 


Table 9 


ee 


Kind of balls (> 4 cm) in the Red sparagmite conglomerates 
Number in % 


Light grayish Purple to Grayish green, 
Quartz Red granites red to red dark purple- green, dark green 


porphyries porphyries porphyries 
Stavsasen (100 balls) 5 30 38 7 20 
Damm (50 balls) 4 12 24 42 18 


A brief description is given below of the various types of rocks represented 
in the basal conglomerate and in the Gray and Red sparagmite conglomerates. 


Cobbles and pebbles of porphyry 


The matrix of the porphyries can be classified into three groups. 


1. Microgranitic matrix with grainesize nO eet Te >0.05 mm 
2. Fine-grained matrix with grain-size... . . . . . 0.05-0.01 mm 
3. Very fine-grained matrix with Prain-size\ ye eee arar aan 


Porphyries with fine-grained matrix dominate. Potassium feldspar, plagio- 
clase, and quartz appear usually as phenocrysts. 

1. From Gray sparagmite conglomerate, Hockla: Green porphyry with very 
fine-grained felsitic matrix pigmented by sericite. Phenocrysts: microcline- 
perthite, quartz, and sericitized plagioclase, 1-2 mm, occasionally 3-4mm @. The 
quartz occurs in perfectly clear grains with uniform extinction. Certain grains. 
have re-entrant angles, others are of rounded idiomorphic hexangular shape. 

Planimetric analysis: quartz 14.4%, microcline 15.2%, plagioclase (An,— 
Ang) 3.2%, matrix + accessory minerals 65.2%, 

2. Green porphyry with fine-grained matrix impregnated with calcite. The 
phenocrysts, 1-2 mm large, consists almost entirely of microcline-perthite 
occasionally with patches of albite (Ang) included in or bordering on the pheno- 
cryst. 
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3. Red sparagmite conglomerate, Siterberget: Light red porphyry with fine- 
grained felsitic matrix impregnated with chlorite and hematite. Phenocrysts 
(usually 1.5-3 mm, occasionally 5 mm @) of microcline-perthite, plagioclase 
(An,), and quartz, the latter in the shape of crystals with re-entrant angles. 

Planimetric analysis: quartz 9.4%, microcline 17.4%, plagioclase ey oe 
matrix +accessory minerals 60%. 


Cobbles and pebbles of granite, quartzite, and arkose 


1. Grayish green aplitic granite from the basal conglomerate at Hockla (Table 
10). Exactly of the same type as the granites of the foundation (cf. 1 and 4, 
Table 1). 

2. Red coarse-grained granite from Damm (Table 10), consisting exclu- 
sively of quartz, microcline often twinned to the Carlsbad law, and plagioclase. 
The quartz is bluish gray, markedly banded with undulous extinction; it usually 
occurs, like the feldspar, as “eyes” a cm in size, consisting of an aggregate of 
smaller grains. The microcline as well as the plagioclase are coloured pale red 
by hematitic dust. The plagioclase is common as small patches in the potassium 
feldspar. This granite much resembles the Swedish Sub-Jotnian granites. 

From the Red sparagmite conglomerate in Saterberget the following 3 peb- 
bles are derived (Table 10). 

3. Dark gray fine-grained crystalline quartzite containing 84°% quartz, micro- 
cline, and chlorite together with needles probably of sillimanite o.1 mm long. 
The quartzite is entirely crystalline with only insignificant loops of chlorite at 
the boundaries of the grains. 

4. Dark violet fine-grained muscovite- quartzite. The rock is entirely crystalline 
with hematite in thin tracks in the boundaries between the grains. Muscovite 
occurs in abundance (12%) in localized aggregates from which dark red semi- 
opaque needles of hematite radiate in all directions. 

5. Dark gray medium-grained arkose. This rock is rather interesting because 
the arkos contains small pebbles of porphyry with phenocrysts of both micro- 
cline-perthite and plagioclase. There exist varieties with either fine-grained or 
micro-granitic matrix. The mineral grains in the arkose are rounded and well 
separated from each other by abundant chloritic matrix. The plagioclase is a 
sericitized albite (An,). 

6. One cobble, a flat disk 14 cm @, was collected in the Red sparagmite conglo- 
merate at Stavsasen. It is an ore quartzite with 36.4% hematite; the quartz grains 
are well rounded. 

Porphyries and quartzites resembling those described above occur e.g. in the 
Late Pre-Cambrian of the Loos-Hamra region in Hilsingland and also in the 
Sub-Jotnian series of Dalecarlia. The latter series extends also for some distance 
across the Norwegian frontier (cf. the sheet Engerdalen, Liter. 13). The source 
areas of the sparagmite in the Hede region may thus have been situated in the 
southwest as well as in the south and southeast. 
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Table ro 
Cobbles and pebbles of granite, quartzite, and arkose. 


eee 


% by volume 


I 2 3 4 5 6 
Quartz 22.8 55.0 84.0 84.6 51.9 63.0 
Microcline 44.0 34.0 4.0 1.0 24.0 0.4 
Plagioclase 22.8 11.0 ~ - 3.3 = 
(Ay) (An,;) 
Muscovite — = = 12.0 0.4. - 
Sillimanite = = ¥.2? = = = 
Chlorite 8.8 os 9.3 0.9 15.6 0.2 
+ (sericite) 
Hematite, Magnetite* — + 1.5" 12 = 36.4 
Sphene 0.8 = = = ~ = 
Zircon 0.4 = + 0.3 0.3 = 
Tourmaline ~ = + + j + = 
Apatite 0.4 = cts — 4p 4 
Porphyry fragments = = = = 4.5 = 
Predominant grain-size in mm — == 0.2 — 0.3 0.2 — 0.3 O:3' = 055 = 
Max. grain-size — — 0.5 Ons UBS = 
Summary of the stratigraphy of the Sparagmite series 
Red arkoses and feldspathic sandstones. 
Rea ‘aparac: Light feldspathic sandstones. 
mite for- ree ee andireteeh 
: Division of arkoses and shales. } siltstones and about 15-200 m 
mation. | mie hes 


Red coarse polymict conglomerates (resting in the N. upon granite). 


Cre) pate Arkoses and light feldspathic [ | or gay 


mite for- t to gray about 0-100 m 
: quartzites. : 
mation. siltstones. 
J 
: : | : 
Hede lime- Dark blue arkosites. Intraformational 
. about o-30 m 
stone for- Banded calcareous siltstones conglomerates. 
mation. and shales. 


Boulder clay (resting in the E. upon granite). 
Graywacke sandstone. 

Dark gray shale. 

Basal conglomerate (resting in the W. upon 
granite). 


Hockla basal 


formation about 0-15 m 


| 
| 
) 
| 
| 
Light calcareous sandstones. 


The Vemdal quartzite formation 


In the form of a huge nappe the rocks of the Vemdal quartzite formation 
occupy the entire eastern part of the map around Hede (PI. I). In Vikarberget 
the thickness of the entire series of strata is roughly estimated at 200-300 m. 
The composition is as follows: 
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pe Ppermost Intercalations of 
Different light quartzites of various colours. | thin beds of sub- 
Light gray to light green feldspathic quartzites. | graywacke sand- 
stones. 
Intercalations of 
Dark blue to bluish gray feldspathic quartzites and feldspathic | beds of  gray- 


sandstones. 


Dark blue to grayish green quartz conglomerates. siltstones, and 


wacke sandstones, 
| shales. 


Feldspathic sandstones—feldspathic quartzites 


Out of 36 rocks examined 21 fall within the interval feldspathic sandstones— 
feldspathic quartzites. 

Colour: Dark blue, grayish blue, gray, light gray, greenish gray. 

Grain-size: Medium-grained 0.2-0.5 mm> coarse-grained 0.5-1.0 mm @. 

Rounding: Very variable. SR-R> SA-SR> R-WR. 

Cement: Quartz with plenty of sericite. 

Other data: Rock often dotted with white spots of weathered feldspar. Pale 
biotite is common. 


The content of feldspar varies from 11 to 28% (see Table 11), plagioclase 
seldom exceeding 2% (see Fig. 16C). Twinned microcline is somewhat more 
common than microcline-perthite. The matrix consists mainly of a colourless to 
dirty yellow sericite and some chlorite. In several cases a pale inhomogenous 
biotite occurs with «= colourless to dirty light yellow and y = feebly olive 
brown to brown. 

In thin sections it is easily seen how the small bent flakes of biotite have been 
formed by co-crystallization of the fine-grained sericitic matrix. 

The qualitative distribution in the Vemdal quartzite formation of the acces- 
sory minerals is seen in Fig. 17 (see also p. 348). In the dark blue feldspathic 
quartzite graphite occurs abundantly in the joints between the grains (see 84, 
89, 90, 91, 104, and others). A chemical analysis of an average sample of these 
rocks gave 0.31% by weight C~o0.37% by volume C. Fragments of porphyry 
occur sporadically only, contrasting in this respect to the sparagmites (see Fig. 
16B). A grayish white medium-grained feldspathic quartzite from the south- 
eastern part of Ulvberget contains an unusually great amount of calcite (4.5%). 
Otherwise calcite is no essential constituent in the Vemdal quartzite formation. 
Medium-grained and coarse-grained rocks dominate, in this order. ‘The round- 
ing of the grains is very variable, and usually hard to distinguish because of 
secondary growth. 

In a belt from Olberget via Vikarberget to Ulvberget conglomeratic members 
alternate with coarse, partly gravel-conglomeratic feldspathic sandstones and 
feldspathic quartzites (84, 94), with an aggregate thickness of several tens of 
metres. In the region around Ulvberget and SE. of it, conglomerates have been 
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Fig. 21. Quartz conglomerate from the lower part of the Vemdal quartzite formation. Vikarberget, 
1 km N. of Hedeviken. Photo N. Hjorth. 


described by A. HappInc (9, p. 67). The pebbles consist mainly of milky white 
quartz; they are well rounded and oval, and usually 1-3 cm @, occasionally as 
much as 8 cm (Fig. 21). About 15%, of the pebbles consist of feldspar and gra- 
nite of poorer rounding, and in addition a few pebbles of quartzite, shale, and 
porphyry occur. The conglomerate is variously bluish gray to greenish gray, its 
matrix being of the same type as in the surrounding feldspathic sandstones. Lo- 
cally, the mineral grains in the conglomerate are strongly pressed as e.g. at 
Olberget where the sequence of strata is bent intoa syncline with a dip of the axis 
of 50° towards N. 20° W. Along certain streaks the quartz has been flattened 
out here into longish grains with strong undulosity; the width: length ratio of 
these grains is 1:10. These conglomerates seem to have been formed along the 
shores of the wide rather shallow basin in which the Eocambrian quartzites are 
supposed to have been deposited. 


Quattzites 


Higher in the formation the feldspathic quartzites gradually pass into 
quartzites. According to PETTIjOHN’s nomenclature, the boundary between these 


two types of rocks has been placed at 10% of feldspar. Out of 36 rocks examined 
in the Vemdal quartzite formation 10 are quartzites. 
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Colour: White, grayish blue, yellowish green, and pale pink. 

Texture: Crystalline with well rounded grains. 

Cement: Quartz with some chlorite. 

Other data: Strong tectonic alteration. Thin pure quartz conglomerates of 
subordinate occurrence. 

The quartzites are characterized by a conspicuous siliceous cementation 
visible macroscopically by the vitreous appearance of the rock. The matrix of 
fine-grained sericite, which occurs rather abundantly in the feldspathic quart- 
zites, is replaced in the quartzites by thin loops of light green chlorite. 
Compared with the feldspathic quartzites the grain-size is about the same, 
whereas the sorting and the rounding of the grains are better. Occasionally, 
however, certain gravel conglomeratic horizons are encountered with well 
rounded pebbles of quartz and quartzite up to 1 cm @. These rocks contain 
no feldspar whatsoever, and differ thereby from the conglomerates in the feld- 
spathic quartzites mentioned above (cf. also HaDDING, 9, Pp. gt). 

The feldspathic quartzites as well as the quartzites exhibit signs of a very 
intense tectonic activity resulting in crushing of the individual mineral grains 
within certain zones and a subsequent recrystallization. Less vigorous tectonic 
action has created only thin fissures in the rocks which have been filled later 
by newly crystallized quartz. In the pure quartzites the tectonic deformations 
are more conspicuous than in the feldspathic quartzites which usually contain a 
considerable amount of clayey substance. This latter has given the rock a certain 
plasticity preventing to some extent the crushing of the harder quartz and feld- 
spar components in the rock. 

The most fine-grained members of the Vemdal quartzite formation are repre- 
sented by subgraywacke sandstones, graywacke sandstones and shales. These rocks 
appear in repeated banks, intercalated in the more coarse-grained members. 
The graywacke sandstones (115) and the shales (119) are associated mainly 
with those members of the Quartzite formation which are richer in feldspar 
while the subgraywacke sandstones are encountered mainly as thin horizons 
intercalated in the pure quartzites. The shale zones indicated in the map 
(Pl. I) consist essentially of shales (119) and graywacke sandstones (1 15) with 
thicknesses of 5—10 metres. 

The graywacke sandstones are characterized by a relatively high content of 
feldspar while that of the subgraywacke sandstones does not surpass TOCA OL 
comparison may be mentioned that the fine-grained sediments within the spa- 
ragmites rarely contain less than 30% feldspar (see Table 7). 

In addition to the chlorite-mica-matrix the subgraywacke sandstones (116) 
and (118) contain a fraction of coarser grains of 0.2-0.5 mm @ with good round- 
ing, and a finer fraction with altogether angular grains. Both in their external 
appearance and in thin sections the subgraywacke sandstones reveal themselves 
as a facies somehow intermediate between psammitic rocks and shales. 

The planimetric analyses of the rocks of the Vemdal quartzite formation have 
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Fig.22. Analogous to Fig. 19, 36 volumetric mineral analyses in Table 11 from the Vemdal quartz- 
ite formation have been inserted as points in a tringular diagram. The distribution of the points 
is easily seen from the fields of different point frequency. With the definite intention to demon- 
strate, if possible, the occurrence of varieties rich in feldspar among the rocks of the Vemdal 
quartzite formation these have in a certain way been over-represented in the choice of the material. 
No arkoses according to the definition used here could, however, be detected. The above-men- 
tioned procedure in the choice of the analysed material (cf. expl. of Fig. 19) affords, on compari- 
son of Figs. 19 and 22, a good idea of the smallest difference imaginable in the mineral composi- 
tion between the rocks of the Sparagmite formations and the Vemdal quartzite formation, 
respectively. 


been entered into a triangular diagram (Fig. 22) with quartz, feldspar, and mica 
in the corners according to the principles which have been applied to the sparag- 
mites above (cf. p. 352). The mineralogical composition differs from that of the 
Sparagmites as can be seen from a comparison of Figs. 19 and 22. The diagram 
exhibits two maxima, one for the composition of quartzites (go% quartz, 5% 
feldspar, 5% mica), the other corresponding to feldspathic quartzite with 62° 
quartz, 22% feldspar, and 16% mica. Thus no arkoses according to the defini- 
tion used here have been encountered within the Vemdal quartzites, although 
when selecting rocks for analysis, such with apparently high content of feld- 
spars may have been over-represented rather than under-represented. The Strom 
quartzites of Jamtland which are equivalent to the Vemdal quartzites contain 
coarse arkoses rich in feldspar in their basal portions, locally in primary contact 
with their granitic fundament. The absence of basal arkose in the Vemdal 
quartzite nappe in the Hede region may be due to the thrusting. The thick zones 
of shales and graywacke sandstones are all strongly influenced tectonically, 
especially so the soft shales. They are usually completely crushed and, when 
struck with the hammer, fall to pieces along concoidal fractures. Within the 
Sparagmite series, only the basal shales at Hockla, and at one or two other places 
(p. 324) have been tectonized in a similar manner. Here, the upward and for- 
ward movement of the adjacent granite has caused the strong compression of the 
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shales. But such tectonics are not applicable to the Vemdal quartzite. The con- 
siderable difference in the intensity of the deformation of rocks in the Sparag- 
mite series and in the Vemdal quartzite formation, particularly the siltstones 
and shales, suggests that the Vemdal quartzites represent a tectonic unit in- 
dependent of the Sparagmites, belonging to the allochthonous Vemdal quart- 
zite in the SE. and in the E. represented by the region of Sonfjallet and Vem- 
dalen. 

In the Strom quartzite nappe in northern Jamtland, which rests discordantly 
upon Cambro-Silurian sediments for tens of kilometres (cf. B. ASKLUND and 
P. THORSLUND, 2a), shaly zones are found of exactly similar development and 
with the same kind of deformation as has affected the shales of the Vemdal 
quartzites. 

The tectonics at Ulvberget and at the boundary between quartzite and sparag- 
mite in north-north-eastern direction up to Hammarberget suggest the follow- 
ing development of the whole region. 

1. The quartzite nappe was thrust over a complex of rocks consisting of 
granites, porphyries, Cambro-Silurian rocks, etc. 

2. The forces which thrust the quartzite nappe did not cease to act with the 
termination of step 1; in the more deep-seated parts of the sparagmite and the 
granite foundation they were still active. A great number of gently inclined 
wedges of the granitic fundament gradually carried the rocks of the overlying 
Sparagmite series forwards and upwards. These we now find thrust over the 
allochthonous quartzites in the E. The faulting, shown in the map (Pl. J), 
is supposed to have taken place in connection with this process or perhaps some- 
what later. Thus, the principal features of the present distribution of the rocks 
in the region were established. 


Comparison between the Development of the Sparagmite Series in 


Harjedalen and in Southern Norway 


The general stratigraphic development of the Sparagmite Series in Harje- 
dalen agrees in many respects with that of the classical sections in the Mjésa 
region in eastern middle Norway, as is apparent by the comparison below. 

As reference horizon may be taken the Biri limestone formation the correla- 
tion of which with the Hede limestone can hardly be doubted, although the for- 
mer attains much greater thickness. Both exhibit remarkable lithological ana- 
logies such as rhythmical banding and local boulder clay facies. The basin in 
which the Hede limestone was deposited seems not to have constituted a direct 
easternly extension of the Biri basin, but to have formed a more or less confined 
local basin which, however, must have been of considerable size. 

A conspicuous feature of the Hockla basal formation underlying the Hede 
limestone is the appearence of carbonaceous matter abundantly in the matrix 
of the basal conglomerate, a remarkable fact considering the sparseness of this 
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Table 12 
M:6sa region Hede region 
| . 
Boe Ringsaker quartzite. | Allochthonous Quartzite. 
oO N-s : 500 m 4 i: } 
& & g | Vardal sparagmite. } Vemdal quartzite Feldspathic}) 300 m 
O38 nappe. quartzite. 
08 
Ekre shale. 40 m Not observed. 
3 Moely tillite. 20 m? | Not observed. 
3 Moel , 5 Red sparagmite. | ae, 
7 & om! : 
g oely sparagmite 300 m Gray cbdra tei 3 
E Biri limestone, partly 100 m? Hede limestone, partly 30 m 
a developed as boulder clay. developed as boulder clay. 
S A; 
ss te Eee eis Hockla basal formation. I5 m 
Bréttum sparagmite. | 500 m? 


element higher in the Sparagmite series. A similar enrichment of coal is found 
also in the dark Brottum sparagmite which appears below the Biri limestone 
formation in the Mjésa region. 

The enrichment of coal in the Hockla basal formation in the Hede region 
combined with a similar stratigraphical position, are weighty arguments in favour 
of a correlation of the latter formation as more or less homotaxial with the Brot- 
tum sparagmite. Its inconsiderable development in the Hede region, mainly in 
conglomeratic facies resting upon the Archean fundament, is evidence of the 
rather diversified topography prevailing at that time. The magnitude of the 
relief is further demonstrated in the more northerly parts of the region where 
also the Hede limestone is absent and the Red sparagmite rests upon deeply 
weathered granitic rocks (p. 314). Similar conditions have been recorded in the 
region of Femunden by G. HotMsen (10). This demonstrates in a convincing 
way the limited extension of the formations which occur below the Red sparag- 
mite formation. 

Transitional between the Hede limestone and the Red sparagmite appears in 
the Hede region the rather thick Gray sparagmite. No corresponding member 
has been distinguished in eastern Norway. The Red sparagmite of the Hede re- 
gion can be traced with only minor interruptions from our region into eastern 
Norway and thus its correlation with the red Moelv sparagmite is firmly estab- 
lished. 

The Red sparagmite constitutes the uppermost preserved member of the 
parautochthonous sequence in our region. Thus, the tillite-bearing beds which 
follow the Red sparagmites in eastern Norway and in northern Jamtland, have 
not been found in any of the sections studied in Harjedalen, probably because 
of the higher parts of the sequence being removed by denudation. 

The Eocambrian Vemdal quartzite nappe, which is thrust over the parau- 
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tochthonous series, represents the uppermost part of the sedimentary sequence 
in the Caledonian sparagmite basin in the west. In this nappe we have distin- 
guished a lower division of quartzite rich in feldspar, and an upper one of 
pure quartzite in which feldspars are sparse. These may correspond to the Var- 
dal sparagmite and the Ringsaker quartzite respectively of the Mjésa region. (Cf. 
T. Voct, 29, pp. 314-316.) 
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g. Untersuchungen tiber den oberordovizischen 
Lyckholm-Stufenkomplex in Estland 


Von 


Valdar Jaanusson 


Asstrracr.—The main results of the field work carried out by the present writer and his 
collaborators during the years 1939-1943 in the Upper Ordovician strata of Estonia are summed 
up. Following JaAANUSSON (1944) the beds previously included in the Lyckholm Stage (F)) are 
subdivided into three stages which are named, in ascending order, Saunja (F,a), Vormsi (F,b), 
and Pirgu (Fyc) Stage; in the two latter stages also several zones are distinguished (cf. Table I). 
According to the current classification of the Estonian Ordovician the zones are named after 
their type localities. Partial and preliminary fossil lists are given for most localities studied. The 
correlation of the Estonian and Scandinavian Upper Ordovician is discussed and a correlation 
table given (cf. Table III). For the special type of Middle and Upper Ordovician reef limestone 
previously called in Sweden the Leptaena limestone the name Siljan reef limestone or reef lime- 
stone of Siljan type is proposed. The reef limestones of the Nyby zone (Fyca) in western Estonia 
are suggested to belong to the same type. The evidence concerning the position of the Ashgillian— 
Llandoverian boundary in Baltoscandia is discussed, and in accordance with the opinion of 
some earlier authors the Ordovician—Silurian boundary is placed between the Porkuni (F) 
and Juuru (G,) Stages in Estonia. 

The nomenclatorial questions regarding the species Anomites terebratulinus WAHLENBERG, 
(1818) 1821, Atrypa cassidea DALMAN, 1828, and Atrypa crassa SOWERBY, 1839, are briefly 
considered. The lectotype of Anomites terebratulinus is figured for the first time (cf. Pl. I, Figs. 1-5). 


Einleitung 


Vorliegende Arbeit stellt in den Hauptziigen eine Zusammenfassung der 
Resultate der Feldarbeiten in dem Lyckholm-Stufenkomplex wahrend der 
Jahre 1939-1943 dar. Diese Feldarbeiten wurden in Sommer 1939 auf der 
Insel Vormsi begonnen (s. JAANUSSON 1939 a) und wurden wahrend der nachsten 
Jahre auf andere Gebiete ausgedehnt. Eine kurze Ubersicht der stratigraphischen 
Resultate wurde von JAANUSSON (1944) geliefert. 

Eine erschépfende Darstellung der Stratigraphie des Lyckholm-Stufen- 
komplexes setzt eine umfassende Bearbeitung der bis jetzt noch unzureichend 
bekannten Fauna voraus. Es kommen viele unbeschriebene Arten vor, und die 
meisten der alten, in der Literatur angefiihrten Namen miissen revidiert werden. 
Die Vorarbeiten fiir die Beschreibung gewisser taxonomischer Gruppen sowie 
auch die in Aussicht genommenen Feldarbeiten wurden jedoch durch die 
Kriegsereignisse unterbrochen. Vom faunistischen Gesichtspunkte aus ist die 
vorliegende Arbeit daher sehr unvollstandig, und die fiir die verschiedenen 
Lokalititen im folgenden angefiihrten Artenverzeichnisse enthalten nur vor- 
laufige Bestimmungen einer Auswahl der charakteristischen Arten. 

Das wichtigste Ziel der Feldarbeiten war die Feststellung der vertikalen 
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Verbreitung der einzelnen Arten innerhalb des Stufenkomplexes. Die unter-_ 
suchten Aufschliisse sind in der Régel héchstens 2-3 m tief, und es sind in | 
jedem Aufschluss nur kurze Abschnitte des 85-88 m machtigen Stufenkom-_ 
plexes einer Untersuchung zuganglich. Nur selten liegen die Aufschliisse auf | 
dem Grenzgebiet zwischen zwei stratigraphischen Abteilungen; die strati- 
graphische Lage muss in der Regel nach der Hohenlage im Verhaltnis zu den 
umgebenden Aufschltissen und/oder der Fauna nach bestimmt werden. Die | 
Feldarbeiten wurden daher hauptsachlich auf einzelne, an Fundlokalen reiche | 
Gebiete konzentriert, wo die Aufschliisse gewohnlich wiederholt untersucht 
wurden (die der Insel Vormsi z.B. wahrend vier Sommer), um eine méglichst | 
vollstandige Fauna der zuganglichen Schichten zu erhalten. 

Die Feldarbeiten wurden als ,,team-work** organisiert, und die Resultate 
sind als das Verdienst der Mitarbeiter und der Organisation zu betrachten. 
Ausser dem Verfasser haben u.a. die folgenden Herren an den Feldarbeiten 
teilgenommen: SULEV KIIN, JURI Martna, RaLpH MANNIL, HINREK NEUHAUS, 
Arvo ROomusoKs und ENN 'TEEAAR. 

Die einzige vorhandene systematische Ubersicht tiber die Aufschliisse des — 
Lyckholm-Stufenkomplexes und seiner Fauna hat Fr. Scumipt (1858) gegeben. 
Diese Arbeit hat uns bei den Feldarbeiten als Unterlage gedient, und der Identi- 
fizierung der von ihm angefiihrten Lokalitaten mit den von uns untersuchten 
wurde besondere Aufmerksamkeit gewidmet. Das Fossilmaterial aus dem 
Lyckholm-Stufenkomplex, das Fr. Scumipt und seine Mitarbeiter bei ihren 
Feldarbeiten wahrend der Jahre 1853-1857 gesammelt haben und das der 
Naturforscher-Gesellschaft (Loodusuurijate Selts) in Tartu gehért, stand uns 
durch das liebenswiirdige Entgegenkommen von Prof. Dr. A. OpiK als Ver- 
gleichsmaterial zur Verfiigung, desgleichen die Sammlungen des Geologischen 
Instituts in Tartu und des Naturhistorischen Museums in Tallinn. Durch 
diese hauptsachlich alten Sammlungen konnten wir u.a. eine Ubersicht der 
Fauna aus den nunmehr tiberwachsenen Steinbriichen erhalten. 

Die Kosten der Feldarbeiten wahrend der Sommer 1942 und 1943 wurden 
von der Estnischen Geologischen Landesanstalt (Eesti Geoloogia Komitee) | 
bestritten, und der Verfasser gedenkt mit grésster Dankbarkeit der allseitigen 
Hilfe, die er vom seither verstorbenen Vorstand der Landesanstalt, Dr. A. Luna, 
erhalten hat. Schliesslich will der Verfasser den Redaktéren des Bulletin of the 
Geological Institutions, Uppsala, fiir die Annahme seiner Arbeit in diese Publi- 
_kationsserie seinen warmsten Dank aussprechen. 


Uber die stratigraphische Hinteilung des Oberordoviziums in 
Estland 


Eine Ubersicht der fritheren Einteilungsversuche des Lyckholm-Stufen- 
komplexes hat JAANUSSON (1944) gegeben. Als Resultat unserer Feldarbeiten 
hat er den Stufenkomplex in drei Stufen eingeteilt, die Saunja- (F,a), Vormsi- 
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Abb. 1. Karte tiber die Verbreitung des Lyckholm-Stufenkomplexes und der Porkuni-Stufe. 
Die Grenzen der Gebiete der Abb. 2 und 3 sowie auch des von Martna (1956) beschriebenen 
Tapa-Gebietes sind eingezeichnet. 


(Fb) und Pirgu-Stufe (F,c) genannt wurden. In diesen Stufen wurden ferner 
Unterabteilungen unterschieden (s. Tabelle I). Diese Einteilung wird auch in 
vorliegender Arbeit angewendet. Die Einteilung des estlindischen Ober- 
ordoviziums ist jedoch mit mehreren unsicheren Einzelheiten behaftet, die 
weitere Untersuchungen erfordern. Die Vasalemma-Stufe (D;) wurde von 
JAANUSSON (1945) aus faunistischen Griinden als Basis des Oberordoviziums 
betrachtet. Die Korrelation des skandinavischen und estléndischen Mittel- 
ordoviziums scheint jedoch zu zeigen, dass sich die der Vasalemma-Stufe 
entsprechenden Schichten in den meisten Kambro-Silurgebieten von Skandi- 
navien von den liegenden Macrourus- oder Extensa-Schichten faunistisch nicht 
unterscheiden. Es wurde daher D, wieder als héchstes Mittelordovizium be- 
handelt (JAaNussON & STRACHAN 1954). In Schweden hat man bis jetzt ausser 
einem isolierten Fund von Ilmarinia dimorpha OptK in einem Geschiebe auf 
Oland keine Spur einer Vasalemma-Fauna nachgewiesen. Ferner wurde in 
den Gebieten mit ununterbrochener Schichtenfolge an der Grenze zwischen 
Mittel- und Oberordovizium, wie z.B. in Ostergétland und der Normalfazies 
des Siljan-Gebietes keine Andeutung einer Sedimentationsliicke beobachtet, 
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Tabelle I. Einteilung des Oberordoviziums in Estland. 


* 


FR. SCHMIDT JAANUSSON 1944 
F, Borkholmer Schicht 135 Porkuni-Stufe 
Y Piirsalu-Zone 
Fye | Pirgu-Stufe | 6 Lohu-Zone 
F\b od Nyby-Zone 
Lyckholmer Schicht i | 
6B Nommkiila-Zone 
Fyb |Vormsi-Stufe 
of Korgessaare-Zone 
Fya Fya Saunja-Stufe 
Stratum incognitum ? 
] E Rakvere-Stufe j 
E Wesenberger Schicht 


die die ganze D,; umfassen wiirde. Die Fauna der Vasalemma-Stufe hat eine 
gewisse Ahnlichkeit mit den Faunen des Encriniten-Kalksteines im Langesund- 
Gebiet und des Mjosa-Kalksteines im Nes-Hamar-Gebiet von Norwegen, die 
als jiingstes Mittelordovizium gelten (s. z.B. ST@RMER 1953). Nach der bis- 
herigen Kenntnis der Faunen dieser Abteilungen kann jedoch nicht entschieden 
werden, ob diese Ahnlichkeiten nur von der gleichartigen Fazies oder von wirk- 
licher Gleichaltrigkeit bedingt sind. — Die Grenze zwischen der Vasalemma- 
Stufe und der Rakvere-Stufe (E) ist in West-Estland nicht aufgeschlossen, 
es kann daher ohne eingehende Bearbeitung der Faunen nicht entschieden 
werden, ob, wie Oprk (1934, S. 6) angenommen hat, die Oandu-Schichten in 
Ost-Estland die dstliche Fazies von D, darstellen oder in West-Estland die 
Vasalemma-Stufe tiberlagern. Zwischen der Rakvere-Stufe (E) im Sinne Fr. 
ScHMipTts und der Saunja-Stufe (Fya) liegen miachtige, teilweise als helle 
Calcilutite, teilweise als graue tonreiche Kalksteine ausgebildete Schichten, die 
schwer zuganglich sind und deren Fauna noch fast ginzlich unbekannt ist. 
Diese Schichten wurden von JAANUSSON (1944) vorlaufig in die Rakvere-Stufe 
einbezogen, ihre stratigraphische Stellung bleibt aber unsicher so lange ihre 
Fauna nicht beschrieben worden ist, und erst dann kann auch der strati- 
graphische Wert der Paekna-Schichten der Saunja-Stufe (JaaNusson 1944) 
festgelegt werden. 

Es ist méglich, dass die Pirgu-Stufe (F,c) im Sinne Jaanussons (1944) in 
Zukunft in zwei selbstindige Stufen, die eine F,cx und die andere Fyc8 + 
umfassend, eingeteilt werden wird. Die faunistischen Unterschiede zwischen 
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der Nyby-Zone (Fc) und den beiden oberen Zonen der Pirgu-Stufe scheinen 
namlich grosser zu sein, als dies gewohnlich zwischen verschiedenen Zonen des 
estlandischen Ober- und Mittelordoviziums der Fall ist. Fiir diese Annahme 
spricht auch die gegenwirtige Korrelation des Oberordoviziums von Estland 
und Skandinavien (s. Tabelle III). Die Lohu-Zone (F;c8) ist fossilarm, und alle 
bekannten Aufschliisse sind klein oder stark tiberwachsen, so dass das in diesen 
Schichten gefundene Fossilmaterial noch ziemlich gering ist; die faunistischen 
Unterschiede zwischen der Lohu-Zone und der Piirsalu-Zone (F,cy) sind 
daher unvollstandig bekannt. Die Porkuni-Stufe wird in vorliegender Arbeit 
als héchstes Oberordovizium betrachtet (s. S. 391). Die Stratigraphie dieser 
Stufe wurde vor kurzem von Martna (1956) behandelt. 

Die Saunja-Stufe (Fa) unterscheidet sich von dem tibrigen Lyckholm- 
Stufenkomplex durch ihr Gestein, das aus dichten Calcilutiten (s. JaaNnusson 
1952 und Martna 1956) und dolomitischen Calcilutiten besteht. Der weiche 
Kalkschlammboden hat sicherlich einen starken Einfluss auf die Zusammen- 
setzung der benthonischen Fauna ausgetibt. Die relative Seltenheit u.a. von 
Korallen und Bryozoen in diesen Kalksteinen beruht teilweise auf den un- 
gluinstigen Substratverhaltnissen. Das Gestein der tibrigen Stufen des Lyck- 
holm-Stufenkomplexes ist im allgemeinen sehr einheitlich. Es ist ein grauer, 
tonreicher Calcarenit oder ein schalentriimmerreicher (calcarenitischer) Calci- 
lutit, der allerdings u.a. hinsichtlich der Schichtenmachtigkeit und des Tonge- 
haltes variiert, wobei aber diese Variationen in horizontaler Richtung ungefahr 
ebenso gross zu sein scheinen wie in vertikaler Richtung. Die verschiedenen 
stratigraphischen Abteilungen kénnen dem Gestein nach gewohnlich kaum 
voneinander unterschieden werden. Die faunistischen Unterschiede zwischen 
den einzelnen Abteilungen beruhen hier grésstenteils auf vom Substrat unab- 
hangigen Ursachen. 


Ubersicht der untersuchten Aufschliisse des Lyckholm- 
Stufenkomplexes 


1. Die InseL Vormsr. — Der Untergrund der Insel Vormsi wurde bereits 
friiher von SauRAMO (1929) beschrieben. Infolge der Haufigkeit guter Auf- 
schliisse erbietet West-Vormsi gegenwartig die besten Voraussetzungen fiir die 
Untersuchung der Stratigraphie des Lyckholm-Stufenkomplexes. 

Bei Saxby Strand befindet sich auf dem Ufer ein ungefahr 2,5 km langer, 
ununterbrochener Aufschluss, der in mehr oder weniger N-S Richtung ver- 
lauft. Im nordlichen Teil dieses natiirlichen Aufschlusses (,,5axby Strand N* 
bei SAURAMO 1929) sind fossilreiche, verhaltnismassig diinnschichtige, graue 
Kalksteine zuganglich, welche fiihren: [/laenus roemeri Vous., Ill. angustifrons 
Hom, Chasmops eichwaldi Fr. Scumipt, Pseudosphaerexochus n. sp., Hoplo- 
lichas (Homolichas) angustus (BEyR.), Amphilichas lineatus (ANG.), Pseudolingula 
quadrata (E1cuw.), Porambonites gigas Fr. ScuM., Triplesia insularis (E1cHw.), 
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Abb. 2. Karte iiber die Insel Vormsi, die Halbinsel Noarootsi und das Festland unmittelbar 
6stlich von Noarootsi (vgl. Abb. 1). 


,,Orthis* lyckholmiensis Wysoc., Dinorthis (Plaesiomys) sp. sp., Nicolella n. sp., 
Platystrophia n. sp. sp., verschiedene Dalmanelliden, Vellamo verneuili (E1cuw.), 
Ilmarinia sinuata (PAHLEN), Rafinesquina semipartita (RoEM.), Leptaena sp., 
Sowerbyella n. sp., Catazyga cf. cartieri Cooper & KinpiE, Spyroceras sencken- 
bergi ‘TEICHERT, Discoceras roemeri STRAND, Strandoceras sphynx (FR. SCHM.), 
Subulites gigas (E1cuw.), S. subula Kox., S. enormis Kox.., Megalomphala crassa 
Kox., Trochonema (Eunema) rupestre (E1cuw.), Heliolites parvistella RoEM., 
Halysites sp. sp., Propora sp. sp., Acidolites asteriscus (ROEM.), Glaphyrocystis 
cf. woehrmanni JAEKEL, verschiedene Bryozoen, kleine Tetrakorallen, Den- 
droiden usw. Von SauraMo (1929) wurden aus diesem Aufschluss auch 
Discoceras antiquissimum (E1cuw.) und Heliolites (= Proheliolites) dubia Scum. 
angeftihrt. Bei Durchsicht der Sammlungen von Sauramo (Geol. Inst., Hel- 
sinki) hat es sich jedoch gezeigt, dass die betreffenden Exemplare zu Discoceras 
roemert STRAND, resp. Propora sp. gehoren. Bemerkenswert ist, dass an dieser 
Lokalitat das Innere der Brachiopodenschalen bisweilen mit grossen Fluorit- 
kristallen ausgekleidet ist. Diese Schichten gehdren zur Korgessaare-Zone 
(Fbx) der Vormsi-Stufe, und die oben angefiihrte Zusammensetzung der 
Fauna kann als fiir diese Zone charakteristisch betrachtet werden. 

Im stidlichen Teil des Aufschlusses von Saxby Strand (,,Saxby Strand S‘ 
bei SauRAMO 1929) sind die Kalksteine im allgemeinen dickbankiger, harter 
und fossilarmer. Die Mehrzahl der oben angefiihrten Arten ist auch in diesem 
Teil gefunden worden. Es tritt aber eine Reihe von neuen Formen auf, die in 
den Aufschliissen der Korgessaare-Zone bis jetzt nicht angetroffen worden sind. 
Solche Formen sind u.a.: Sarcinula n. sp., grosse Tetrakorallen, ,,Harpes‘ 
costatus ANG., Vellamo sauramoi Op1K. Diese Schichten wurden von JAANUSSON 
(1944) als die obere Zone (Noémmkiila-Zone, F,bB) der Vormsi-Stufe behandelt. 
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Ungefahr in der Mitte des Aufschlusses von Saxby Strand wurde eine starke, 
ebene Diskontinuitatsflache mit phosphatischer Impriagnation und feinen 
absteigenden Bohrgiangen angetroffen. Diese Diskontinuitatsflache scheint mit 
der Grenze zwischen den beiden Zonen der Vormsi-Stufe zusammenzufallen. 

Die Korgessaare-Zone ist auch in den Steinbriichen nahe beim Ufer NW 
vom Dorfe Karrslatt und N vom Dorfe Borrby aufgeschlossen. Die N6mmkiila- 
Zone ist in einem kleinen Steinbruch im Walde in der Nahe des Ufers W vom 
Dorfe Saxby zugianglich. 

Weiter siidlich wurde am westlichen Ufer der Halbinsel Hosholm eine neue 
Lokalitat des Lyckholm-Stufenkomplexes entdeckt (s. JAANUSSON 19394). 
Die dort auf einer ungefahr NW-SO gerichteten 400-500 m langen Strecke 
aufgeschlossenen graublauen Kalksteine sind ziemlich reich an Fossilien und 
enthalten J//aenus roemeri VoOLB., Ill. angustifrons HoLm, Chasmops eichwaldi 
Fr. Scumipt, Pseudosphaerexochus n. sp., ,,Harpes“ costatus ANG., Eobronteus 
laticauda (WanLENB.), Vellamo verneuili (E1cuw.), Vellamo symmetrica OriK, 
Porambonites gigas Fr. ScuM., Platystrophia n. sp., Rafinesquina pseudoalternata 
(Fr. Scumipt), Plectatrypa n. sp. B, Sarcinula n. sp., Palaeofavosites sp., 
Halysites sp. sp., Proheliolites dubius (FR. ScHM.), Propora sp. sp., Trochi- 
scolithus cf. micraster Kiar, grosse Tetrakorallen, Discoceras antiquissimum 
(E1cuw.), Beloitoceras heterocurvatum STRAND, Maclurites neritoides (EICHW.), 
Fenestella sp. usw. usw. Obwohl diese Fauna mehrere mit den Aufschliissen 
bei Saxby Strand gemeinsame Arten enthilt, unterscheidet sie sich deutlich 
u.a. durch die reichlich vorkommenden neuen Gattungen, wie z. B. Plectatrypa, 
Proheliolites, Maclurites, Palaeofavosites etc. Diese Schichten gehoren zum 
unteren Teil der Piirsalu-Zone (F,cy) der Pirgu-Stufe. 

Diese drei oben beschriebenen Abteilungen des Lyckholm-Stufenkomplexes 
und der untere Teil (F,a) der ,,Lyckholmer Schicht“‘ Fr. Scumipts wurden 
auf der Insel Vormsi bereits nach den Feldarbeiten wahrend des ersten Som- 
mers unterschieden und von JAANUSSON (1939a, Abb. 8) in einer Karte zusam- 
mengefasst. 

Unter der Voraussetzung, dass die Schichten in West-Vormsi genau von N 
nach S fallen und den fiir Nord-Estland tiblichen Einfallswinkel (ca. 0°15’, 
s. z.B. ROSENSTEIN 1943) bilden, betragt die Machtigkeit der bei Saxby Strand 
aufgeschlossenen Schichten ungefaéhr 9 m. Die Machtigkeit der Kalksteine, die 
zwischen den Aufschliissen bei Saxby Strand und auf Hosholm anstehen, 
betragt ca. 19 m, wahrend auf Hosholm selbst ca. 2 m der Kalksteine zuganglich 
sind. Die Gesamtmichtigkeit der oberen grauen Kalksteine des Lyckholm- 
Stufenkomplexes (F;b + F;c) kann nach den Ergebnissen der Tiefbohrungen 
auf ungefiihr 45 m geschitzt werden. Die am Ufer nicht aufgeschlossenen 
ungefiihr 19 m michtigen Schichten zwischen Saxby Strand S‘‘ und Hosholm 
umfassen grésstenteils die Nyby- und die Lohu-Zone der Pirgu-Stufe. Schon 
etwas stidlich vom Aufschluss bei ,,Saxby Strand S‘‘ kénnen am Ufer Blocke 
angetroffen werden, welche die Brachiopoden der Nyby-Zone enthalten, und 
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man kann daher annehmen, dass sich das Anstehende dieser Schichten nicht 
weit von der Siidspitze bei ,,Saxby Strand S“ befindet. 

Die Nyby-Zone ist auf West-Wormsi in zwei kleinen Steinbriichen auf- 
geschlossen, u. zw. in der Mitte des dstlichen Teiles des Dorfes Saxby (von 
JAANUSSON 1939a, Abb. 8, noch zu den gleichen Schichten wie bei , paxby 
Strand N“ gezahlt) und ferner etwas dstlich davon im Walde 500-600 m SW 
vom Dorfe Karrslatt. Der Untergrund steigt namlich vom Ufer nach der Mitte 


von West-Vormsi zu, und das Anstehende der verschiedenen Abteilungen. | 


wird daher nach N verschoben. Der Steinbruch in Saxby Dorf ist ganz tiber- 
wachsen, und nur einzelne Fossilien, u.a. Plectatrypa sulevi JAaN., Sphaer- 
exochus calvus (Mc Coy) und Discoelosia [= ,, Bilobites“] sp. wurden gefunden. 
Der kleine Steinbruch SW von Karrslatt hat eine reiche Fauna geliefert mit 
Proheholites dubius (FR. ScuM.), Sarcinula n. sp., Halysites sp., Propora sp. sp., 
Plectatrypa sulevi Jaan., Atrypidae n. gen. et sp., Barbarorthis foraminifera 
Optk, Rafinesquina pseudoalternata (Fr. ScuM.), Discoceras antiquissimum 
(E1cuw.), Trochonema (Eunema) rupestre (EICHW.) usw. 

Zur Nyby-Zone gehort auch der Huitberg, ein kleiner Riffkalksteinhiigel im 
Walde W vom Dorfe Fallana. Frither hat man, hauptsichlich aus lithologischen 
Griinden und wie es auch mit dem dhnlichen Riffkalkstein von Nyby der Fall 
war (FR. Scumipt 1858, T'WENHOFEL 1916, S. 307, STEIN 1937 usw.), diesen 
Riffkalkstein zur Porkuni-Stufe (F,) gezahlt (Sauramo 1929, 'T'EICHERT 1930, 
S. 307, STEIN 1937, OPIK 1937, JAANUSSON 1939a und 1939b, Laast 1940). 
Am Huitberg sind u.a. folgende Formen gefunden worden: Stenopareia 
linnarssoni (HOLM) (stellenweise haufig vorkommend), Plectatrypa sulevi JAAN., 
Atrypidae n. gen. et sp. (Sammlung SauraMo im Geol. Inst., Helsinki), 
Leptaena sp., Platystrophia n. sp., Sarcinula n. sp., Halysites sp., Propora sp., 
Trochiscolithus sp. und Heliolites parvistella ROEMER. Stromatoporen sind nicht 
nachgewiesen worden (die von SauRaMo 1929, S. 32 als Stromatoporen ange- 
fihrten Exemplare gehéren nach dem Material von SauramMo im Geol. Inst. 
Helsinki zu Heliolites parvistella RoEM., und die Stromatoporen von JAANUSSON 
1939b beziehen sich auf Trochiscolithus). Sowohl der Huitberg als auch der 
Nyby-Riffkalkstein sind Riffkalksteine von Siljan-Typus (,,Leptaena‘‘-Riff- 
kalksteine) (s. S. 386). 

Siidlich vom Anstehenden der Nyby-Zone befinden sich auf West-Vorms; 
einige, grdsstenteils iiberwachsene oder sogar bewaldete Steinbriiche mit 
fossilarmen grauen Kalksteinen, so z.B. beim Dorfe Fallana und NW von 
Suuremdisa (Magnushof). Die Kalksteine dieser Steinbriiche scheinen zu der 
Lohu-Zone zu geh6ren. 


2. HAAPSALU UND DIE HaLBINsEL NoaRoorTst (Nuck6) (s. Abb. 2). — Die 
héchsten Schichten des Lyckholm-Stufenkomplexes (Piirsalu Schichten der 
Piirsalu-Zone) sind am neuen Hafen der Stadt Haapsalu zuginglich. Der 
Aufschluss liegt zwar unter dem Wasserspiegel, doch kann man am Ufer 
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grosse Blécke antreffen (s. auch 'TEICHERT 1928, S. 77). Diese grauen, ton- 
reichen Kalksteine sind sehr fossilreich und weisen auf: [/laenus roemeri VOLB., 
Stenopareia linnarssoni (HOLM), Chasmops eichwaldi FR. Scum., Porambonttes 
gigas Fr. ScuM., Platystrophia n. sp., Doleroides? n. sp., Rafinesquina pseudo- 
alternata (FR. ScuM.), Rhynchotrema n. sp., Plectatrypa n. sp. B, Meristina? 
cassidea (DALMAN), Discoceras antiquissimum (E1cHw.), Spyroceras cf. textum- 
arenaceum (ROEMER), Maclurites neritoides (E1cHw.), Proheltolites dubius (FR. 
Scum.), Sarcinula n. sp., Palaeofavosites sp. usw. usw. 

Die Halbinsel Noarootsi ist ziemlich arm an Aufschliissen. Die in dem 
kleinen Steinbruch im Walde W vom Dorfe Eisterby zuganglichen Schichten 
(s. auch SAURAMO 1929) gehoren entweder zur Lohu-Zone oder zum unteren 
Teil der Piirsalu-Zone. U.a. sind an dieser Lokalitaét Plectatrypa und Palaeo- 
favosites angetroffen worden, doch ist das gefundene Material infolge der ge- 
ringen Ausdehnung der Aufschliisse zu klein, um eine genauere Bestimmung 
des stratigraphischen Horizontes zu gestatten. 

Die Typlokalitat des Lyckholm Stufenkomplexes, der Steinbruch von Lyck- 
holm (Saareméisa), ist schon seit langem zum gréssten Teil tiberwachsen 
(s. auch TWENHOFEL 1916, S. 294), und es is gegenwartig beinahe unméglich, 
dort ein grésseres Fossilmaterial zu erhalten. Die vom Verfasser durchge- 
sehenen grossen Sammlungen aus diesem Steinbruch in den Museen von 
Tallinn und Tartu zeigten, dass dort die gleichen Schichten anstehen wie bei 
,saxby Strand N“, d.h. die Korgessaare-Zone der Vormsi-Stufe. In den 
losen Blécken bei diesem Steinbruch wurde von uns eine starke, wellige, 
phosphoritimpragnierte Diskontinuitatsflache beobachtet, die wahrscheinlich 
eine Fortsetzung der Diskontinuitatsflache bei Saxby Strand darstellt. In den 
alten Sammlungen sind einige Exemplare von Sarcinula aus Lyckholm vor- 
handen, und es ist daher méglich, dass in diesem Steinbruch auch die untersten 
Schichten der Nommkiila-Zone aufgeschlossen waren. 


3. Das FESTLAND UNMITTELBAR OSTLICH VON DER HALBINSEL NOAROOTSI. — 
Die zur Korgessaare-Zone gehérenden Kalksteine wurden in einem kleinen 
Aufschluss bei Aulepa untersucht. Ein wenig NW von Nyby liegen zu beiden 
Seiten des Weges, der von der Haapsaluer Landstrasse zum Gute Nommkiila 
fiihrt, grosse, gegenwartig grosstenteils tiberwachsene Steinbriiche (,,mehrere 
Steinbriiche siidlich von Sutlep“ in Fr. Scumipr 1858, S. 130). Das von uns 
gefundene, wenn auch verhiltnismissig kleine Fossilmaterial zeigt deutlich, 
dass hier die gleichen Schichten vorkommen wie bei ,,Saxby Strand pon tga 
wurden Sarcinula n. sp. und Strandoceras sphynx (FR. ScHM.) angetroffen. 
Fr. Scumipt (1907) fiihrt aus diesen Steinbriichen auch Chasmops eichwaldi 
Fr. Scum. und ,,Harpes“ costatus ANG. (= wegelini ANG. in FR. SCHMIDT) an. 
Diese Steinbriiche wurden von JaaNusson (1944) als Typlokalitat fur die 
Nommkiila-Zone der Vormsi-Stufe gewahlt. 

Der Steinbruch und der Riffkalkstein von Nyby (,,Niibi nach der est- 


378 VALDAR JAANUSSON 


nischen Schreibweise) liegen auf einer kleinen Anhohe ein wenig westlich vom 
Gute Nyby (,,einige hundert Schritt vor dem Gute Nyby“ in Fr. Scummrt 
1858, S. 130; s. auch TWENHOFEL 1916 und STEIN 1937, Abb. 135). Die im 
Steinbruch an Pelmatozoenfragmenten reichen Kalksteine kénnen als Umge- 
bungsfazies des Riffkalksteines betrachtet werden. Sowohl die Kalksteine des 
Steinbruches als auch des Riffes fiihren im grossen und ganzen die gleichen 
Arten, u.zw.: Plectatrypa sulevi Jaan. (s. Taf. I, Fig. 7), Atrypidae n. gen. et 
sp. (s. Taf. I, Fig. 9), Rafinesquina pseudoalternata (FR. Scum.), Nicolella 
n. sp., Leptaena sp., Trochonema (Eunema) rupestre (E1cuw.), Proheliolites 
dubius (FR. ScHM.), Propora sp. sp., Sarcinula n. sp., Halysites Sp. sp., ver- 
schiedene Tetrakorallen usw.; nur im Riffkalkstein sind u.a. Amphilichas 
lineatus (ANG.) und Catazyga cf. cartieri COOPER & KINDLE angetroffen worden. 
Aus den Aufschliissen bei Nyby haben TRoEDsson (1926) und 'TEICHERT 
(1930a) mehrere actinoceroide Cephalopoden (Nybyoceras, Ormoceras) be- 
schrieben. Der Steinbruch von Nyby stellt die Typlokalitat der Nyby-Zone der 
Pirgu-Stufe dar. 

Siidlich von Nyby sind graue, fossilarme Kalksteine in einem bereits be- 
waldeten Steinbruch bei Kapri (,,Steinbruch am Kapper’schen Walde‘ in 
FR. ScHMIDT 1858, S. 131) zuganglich, die u.a. Charactoceras estonicum STRAND 
geliefert haben. Diese Kalksteine gehéren offenbar zur Lohu-Zone. 

Die Piirsalu-Zone ist in einem kleinen Steinbruch bei Rannakiila (,,Stein- 
bruch in der Nahe des Dorfes Rannakiill’’ in Fr. Scumipt 1858, S. 131) zu- 
ganglich. U.a. kommen die folgenden Arten vor: Chasmops eichwaldi FR. 
Scumipt, Hoplolichas (Homolichas) angustus (Beyr.), I/laenus roemeri VOLB., 
, Brachyaspis“‘ robustus (RoEM.), Meristina? cassidea (DaiM.), Plectatrypa 
n. sp. B, Maclurites neritoides (E1cuw.), Diestoceras stensioei (TROEDsS.) (vel. 
TROEDSSON 1926, S. 109), Palaeofavosites sp. 


4. ‘TURVASTE UND Purrsatu (s. Abb. 1). — Weiter dstlich bis zum Kohila- 
Gebiet ist der Lyckholm-Stufenkomplex schlecht aufgeschlossen. Bei Turvaste, 
etwa 0,5 km éstlich vom Bauernhofe Veski, befindet sich ein stark tberwach- 
sener Steinbruch (s. Oprk 1937, Taf. I, Fig. 2), in dem die obersten Schichten 
der Saunja-Stufe und die untersten Schichten der Korgessaare-Zone (sehr 
schlecht zuganglich) aufgeschlossen sind. Der Steinbruch von Turvaste ist der 
westlichste bekannte Aufschluss der Saunja-Stufe in Estland; weiter nach 
Westen zu ist das Anstehende dieser Stufe von quartaren Ablagerungen be- 
deckt. In der Nahe des Ufers bei Borrby auf Vormsi befinden sich unter dem 
Wasserspiegel grosse Mengen von Blécken von Saunja-Calcilutit, und das 
Anstehende dieser Stufe diirfte voraussichtlich unmittelbar nérdlich von dieser 
Blockanhaufung liegen. 

In dem nunmehr grdsstenteils tiberwachsenen Steinbruch von Pursalu 
(,,Piersal“‘) kommen die Maclurites- und korallenreichen grauen Kalksteine der 
Pirgu-Stufe vor. Dieser Steinbruch hat friiher viel Material fiir verschiedene 
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Sammlungen geliefert; wir konnten jedoch ausser den fiir diese Schichten 
gewohnlichsten Arten nur wenig Material finden. Fr. ScumipT (1907), HoLm 
(1886), Kiar (1899, 1903), LINDSTROM (1899), KOKEN (1925), ‘[ROEDSSON 
(1926), TEICHERT (1930a, 1930b) und STRAND (1933) haben folgende Arten 
von dieser Lokalitat beschrieben oder angefiihrt: J/laenus roemert VOLB., 
Stenopareia linnarssont (HoLm), ,,Brachyaspis‘“‘ robusta (ROEMER), ,,Harpes“ 
costatus ANG., Encrinurus cf. multisegmentatus (PORTL.), Spyroceras clathrato- 
annulatum (ROEMER), Sp. textumarenaceum (ROEMER), Priersaloceras gageli 
TEICHERT, Charactoceras estonicum STRAND, Diestoceras stensioet ('TROEDSSON), 
Porambonites gigas Fr. ScuM., Propora hirsuta (Linpstr.), Pr. bacillifera 
Linpstr., Pr. conferta (Epw. & H.), Trochiscolithus micraster Kir, Acidolites 
asteriscus (ROEM.), Protaraea vetusta HaLi, Subulites subula KoKEN, Bucania 
cornu KoKEeN, Megalomphala crassa KOKEN, Gonionema piersalense KOKEN. Zu 
diesen Arten kénnen noch Maclurites neritoides (E1cHW.), Plectatrypa n. sp. B, 
Rafinesquina pseudoalternata (FR. ScHM.), Sowerbyella schmidti (LINDSTR.) 
(s. Taf. I, Fig. 10), Discoceras antiquissimum (E1tcuw.), Proheliolites dubius (FR. 
Scum.), Sarcinula n. sp., Palaeofavosites sp., Halysites sp. sp. usw. hinzugetigt 
werden. Diese Zusammensetzung der Fauna kann als charakteristisch fiir die 
Piirsalu-Zone der Pirgu-Stufe betrachtet werden. 


5. Saunja. Die grésseren Aufschliisse des Lyckholm-Stufenkomplexes 
zwischen Piirsalu und dem Kohila-Gebiet gehéren der Saunja-Stufe an. Die 
Calcilutite und dolomitischen Calcilutite dieser Stufe sind u.a. bei Odulema 
und in dem grossen, nunmehr grosstenteils iiberwachsenen Steinbruch von 
Saunja, etwa 1 km W vom Dorfe Monuste-Eest im Walde (,,Kirna’scher 
Bausteinbruch bei Munnust“ in Fr. Scumipt 1858, S. 122; ,,Kirna‘ Auct.) 
aufgeschlossen. Im Steinbruch sind die mittleren, dolomitischen, und die oberen 
Schichten der Saunja-Stufe zuginglich. Gegenwirtig ist es schwer, ein gros- 
seres Fossilmaterial aus diesem Steinbruch zu erhalten, der aber frither grosse 
Sammlungen geliefert hat. Fr. Scumrpt (1907), Holm (1886), KOKEN (1925) 
und TEICHERT (1930¢c) haben u.a. folgende Arten aus » Kirna‘’ beschrieben 
oder angefiihrt (die mit dem Zeichen * versehenen Arten sind in Estland bis 
jetzt nur in der Saunja-Stufe gefunden worden): Illaenus roemert VOLB., 
*Ilaenus mascei Hom, *Tretaspis seticornis (His.) (1 Exemplar im Naturhist. 
Mus. in Tallinn), *Remopleurides cf. emarginatus 'TORNQ., Homolichas angustus 
(BEyr.), Chasmops eichwaldi Fr. Scumiv?, *Isospira bucanioides KoK., * |, Raphi- 
stoma: numismale Kox., *Eotomaria nétlingt Kox., Eot. chamaeconus KOK., 
*Latitaenia kirnaensis Kox., *Helicotoma laminosa Kox., *Loxoplocus (Lopho- 
spira) turbinoides (KOK.), Brachytomaria nodulosa Kox., *Holopea subtilis 
Kox., *Ectomaria kirnaensis Kox., Hormotoma insignis (E1cuw.), Subulites 
subula Kox., Fusispira ovalis Kox., *Ischyrinia schmidti 'TEICHERT. Die ver- 
haltnismassig reiche Brachiopodenfauna der Saunja-Stufe ist bis jetzt sehr un- 


vollstindig bekannt. 
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Abb. 3. Karte tiber das Kohila-Gebiet (vgl. Abb. r). 


6. KoutLa-Gesiet (s. Abb. 3). — Das Kohila-Gebiet in Mittel-Estland ist 
ziemlich reich an Aufschliissen des Lyckholm-Stufenkomplexes. Bei Paekna, 
ein wenig westlich vom Bauernhofe Kohu, siidlich vom Wege, liegt ein kleiner 
Steinbruch in den obersten, aus grauen tonreichen Kalksteinen bestehenden 
und méglicherweise noch zur Rakvere-Stufe gehérenden Schichten, die u.a. 
Resserella cf. wesenbergiensis (Wys.) und Pharostoma cf. pediloba (ROEMER) 
geliefert haben. Etwas tiefer liegende, dichtere Kalksteine dieser Schichten 
sind im Bett des Tédva-Flusses bei Nabala aufgeschlossen. Ein wenig NW 
vom kleinen Steinbruch der »,Nabala-Schichten‘, unmittelbar nérdlich vom 
Wege, liegt bei Paekna ein Steinbruch, wo die untersten Schichten der Saunja- 
Stufe zuginglich sind (s. JAaNuUSsON 1944, S. 95). Die mittleren und oberen 
Schichten der Saunja-Stufe konnten im Kohila-Gebiet auch in einem Stein- 
bruch O vom Wege, der von Hageri nach Keila fiihrt, ungefahr 1 km N vom 
Bauernhofe Risttee, untersucht werden. 

Die Vormsi-Stufe ist im Kohila-Gebiet in zwei, grosstenteils tiberwachsenen 
Steinbriichen bekannt, u.zw. ungefahr 1 km NW vom Bahnhof von Kohila 
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(,,Steinbruch bei Koil“ in Fr. Scumipt 1858, S. 119) und ungefahr 2 km NO 
von Kohila in Urge-Saunakiila, NW von der Tallinnaer Landstrasse. Die 
beiden Steinbriiche geh6ren zur Korgessaare-Zone. 

Die Nyby-Zone ist im Kohila-Gebiet in drei Steinbriichen zuganglich, 
namlich bei Urge, Pahkla (,,Pachel, Steinbruch etwas nordostlich vom Gute“ 
in Fr. Scumipt 1858, S. 118) und Lohu (ca. 1 km 8 vom Gute Lohu); aus- 
serdem konnten die Kalksteine dieser Stufe in einem zufalligen Aufschluss in 
Kohila bei der Briicke tber den Keila-Fluss untersucht werden. Die Nyby- 
Kalksteine sind in diesem Gebiet im Verhiltnis zu West-Estland ziemlich arm 
an Korallen, sonst aber relativ fossilreich und ftthren Aulacopium n. sp., 
Rafinesquina pseudoalternata (FR. ScuM.), Discoelosia n. sp., Plectatrypa sulevi 
Jaan., Subulites enormis Kox., Discoceras antiquissimum (E1cuw.), Proheliolites 
dubius (Fr. ScHM.) usw. In den Steinbriichen von Pahkla und Lohu ist der 
Kontakt zwischen der Nyby-Zone und der hangenden Lohu-Zone zuganglich. 
Die Grenze bildet eine ebene, phosphoritisch impragnierte Diskontinuitats- 
fliche, die in der Mitte einer durch tonreiche Schichtenflachen begrenzten 
Kalksteinschicht liegt. Die tiber der Diskontinuitatsflache folgenden ziemlich 
fossilarmen Kalksteine fiihren u.a. Palaeofavosites sp. und Plectatrypa n. sp. A 
(s. Taf. I, Fig. 8). Die Lohu-Zone kommt ausserdem in den kleinen Stein- 
briichen von Anijala und Oru vor. Zu den gleichen Schichten geh6ren wahr- 
scheinlich auch die Kalksteine am Eisenbahneinschnitt 1,5-2 km S vom Bahn- 
hof von Kohila, und in den stark tiberwachsenen Steinbriichen W vom Gut 
Tohisoo und bei Salutaguse (,,Steinbruch beim Dorfe Sootza“ in FR. SCHMIDT 
1858, S. 120). Das in diesen Aufschliissen gefundene Fossilmaterial war jedoch 
zu klein, um eine sichere Bestimmung des stratigraphischen Horizontes inner- 
halb des oberen Teiles der Pirgu-Stufe zu gestatten. 

Die héheren Schichten der Pirgu-Stufe sind in den natiirlichen Aufschliissen 
am Flusse Pirgu (,,Profil unterhalb Pirk, bei der Wassermiihle“‘ in FR. SCHMIDT 
1858, S. 120; auch TWENHOFEL 1916, S. 300, Pl. 2, Fig. 2) zu sehen. Ausserdem 
hat man bei Saarem@isa (ca. 1 km SO vom Wege, der von Saaremdisa nach 
Jarlepa fiihrt) diese Kalksteine bei der Vertiefung des Flussbettes angeschnitten. 
Das Gestein der Piirsalu-Zone bei Pirgu und Saarem@isa ist im allgemeinen 
tonreicher und weicher, und armer an Korallen als das der gleichen Schichten 
in West-Estland. Die Kalksteine in einem kleinen Steinbruch bei Adila (ca. 
1 km N vom Gute Adila) gehéren wahrscheinlich auch zu der gleichen Zone. 
Siidlich, bei Réa und Seli, sind schon die fossilarmen dolomitischen Kalksteine 
des unteren Teiles der Porkuni-Stufe (R6a-Schichten, s. Marrna 1956), und 
bei Kalda die diinnschichtigen Kalksteine des mittleren Teiles der Porkuni- 


Stufe aufgeschlossen. 


7. Viru-JAAKOBI-GEBIET. — Das verhaltnismassig aufschlussarme Viru- 
Jaakobi-Gebiet siidlich von Rakvere wurde von J. Martna und dem Ver- 
fasser im Sommer 1942 wahrend einiger ‘Tage rekognosziert. Die Saunja-Stufe 


382 VALDAR JAANUSSON 


(F,a) kommt in den Steinbriichen bei Voore (in der Nahe des Gutes Voore, 
S vom Wege, der vom Dorfe Voore zu, diesem Gute ftihrt) und bei Kupna 
(N vom Wege der das Gut Voore mit dem Dorfe Kehala verbindet) vor, und 
die Pirgu-Stufe in zwei alten tiberwachsenen Steinbriichen bei Arukitila (etwas 
nordlich vom Wege von Arukiila nach Kulina; ,,Arrokill® in Fr. ScHmipT 
1858, S. 108) und Inju-Aru nahe beim Wege vom Forsthause nach dem Gute 
Inju); die in den zwei letzten Steinbriichen sichtbaren Schichten gehéren 
wahrscheinlich zur Piirsalu-Zone. 


Bemerkungen iiber die vertikale Verbreitung einiger Trilobiten- 
und Brachiopodenarten im Lyckholm-Stufenkomplex 


TriLopiTa. — Der Lyckholm-Stufenkomplex ist verhaltnismassig arm an 
Trilobitenarten, und die haufigsten Arten haben eine grosse vertikale Ver- 
breitung. Chasmops eichwaldi Fr. Scum., Hoplolichas (Homolichas) angustus 
(Beyr.), J/laenus roemeri VoLBortH, Stenopareia linnarssoni (HoLM) und 
wahrscheinlich auch J/laenus angustifrons HOLM treten im ganzen Stufenkom- 
plex auf. Die vertikale Verbreitung einiger anderer Arten wird im folgenden 
kurz besprochen. 

Amphilichas lineatus (ANGELIN). Verbreitung in Estland: F,a—F,cx. Von 
FR. SCHMIDT (1907, S. 27) nur aus der Saunja-Stufe (F,a) angefiihrt. Neue 
Funde: ,,Saxby Strand N“ (Fyb«) und Riffkalkstein bei Nyby (Fycz). 

,Harpes® costatus ANGELIN (Harpes wegelint ANG. in Fr. ScHmipt 1894, 
s. WARBURG 1925, S. 219). Verbreitung in Estland: F;b8, Fycy. Nach Fr. 
ScHMIDT (1894, 1907) in folgenden Lokalitaiten gefunden: Piirsalu (,,Piersal‘‘) © 
(Fycy), Nommkiila (,, Nommkiill bei Hapsal‘‘) (F,b8), Palukiila (,,Pallokull auf 
Dago*) (FycB oder Fycy). Neue Funde: ,,Saxby Strand S‘ (F,b8), Hosholm 
auf Vormsi (F,cy). 

Eobronteus laticauda (WAHLENBERG). Bekannte Verbreitung in Estland: 
?F{bB, Fyey. Von ErcHwarp (1857) als Bronteus insularis n. sp. aus Vormsi 
ohne nahere Lokalitatsangabe angefithrt (vgl. auch Fr. Scumipr 1894, 1907) 
(?,, Saxby Strand S“‘; ?F,;bB). Neue Funde: Hosholm auf Vormsi (F,cy), Pirgu 
(F,cy): 

Bracutopopa. — Die Brachiopodenfauna des Lyckholm-Stufenkomplexes 
ist bis jetzt sehr unvollstandig beschrieben worden und enthalt viele neue 
Arten. Einige der bekannten Arten gehen durch den ganzen Stufenkomplex, 
so z.B. Vellamo verneuili (E1cHwW.) und Porambonites gigas FR. SCHMIDT (von 
der letzteren Art befindet sich ein Exemplar aus der Saunja-Stufe im Natur- 
hist. Reichsmus., Stockholm). ,,Orthis‘‘ lyckholmiensis Wysoc. und , Rafines- 
quina‘ semtpartita (ROEMER) scheinen bereits im oberen Teil der Saunja-Stufe 
aufzutreten und gehen durch die Vormsi-Stufe und die Nyby-Zone weiter, 
sind aber sehr selten oder fehlen bereits in den obersten Schichten der Nyby- 
Zone. Mehrere andere, meistens unbeschriebene Brachiopodenarten diirften 
die gleiche stratigraphische Verbreitung haben. 
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Tabelle II, Vertikale Verbreitung einiger charakteristischen Arten in der 
Lyckholm-Komplexstufe (s. auch JAANUSSON 1944, S. 98). 


Arten | Pia Fyba Fic8 | Ficy | F, 


Frbp | Fice 


Ear arasPISUSeLzCOUniss( EAIS=)) 0 Paeees geet: = yor olla 
Nilaentus mnascer SAOLM® Vas Sethe = 3s ] sate 
Isotelus platyrhachis (STEINH.) . . .....{ + ? 
Amphilichas lineatus (ANG )@.8. « . = » © = apa + 
DiSCOCErGS: TOCMETLQ STRAND W202 -2 Ja ver oe + 
Strandoceras sphynx (FR. SCHM.). .... . ? + 
Sowerbyella schmidti (LINDSTR.) . .... - _ 
, Rafinesquina’ semipartita (ROEMER) . -..| ? + 
,,Elarpes* costatus ANG. . 
Discoceras antiquissimum (EICHW.) ....- - + + i 
Rafinesquina pseudoaliernata (FR. SCHM.) . . . + + ? 
Barbarorthis foraminifera OPIK ..... . au 
eV eGiairy pa SULeOLa AA a. cue wet ae Le ee + 
Pl eaiginy pat SP a Nee he et pcos aces = & 
IRlccloinupa tsp. Dray i 7 he che ee or ae 
FPIECVALTY DG ee SPA emer en une a 4 
Meristina? cassidea (DALMAN) . . .-..- - + a 
Eobronteus laticauda (WAHLENB.). - - -- - # L 
,,Brachyaspis’‘ robusta (ROEMER) . .- - - - 4. ae 
Charactoceras estonicum STRAND ..... .- + + 
Beloitoceras heterocurvatum STRAND .. .- . 4 
Piersaloceras gageli 'TEICH. .. .- - 
Spyroceras textumarenaceum (ROEM.) 


++ +t tv 
i 


ae 
t 


Sowerbyella schmidti (Linpstr.) ist in der Saunja-Stufe nicht nachgewiesen 
worden, tritt aber in der Korgessaare-Zone auf und geht bis durch die Pirgu- 
Stufe; in Estland kommt sie jedoch im allgemeinen selten vor. Diese Art ist 
gegenwartig von folgenden Lokalitaten bekannt: Lehtse (Fyba; s. MartNa 
1956), Korgessaare (Fyba; ein Ex. im Naturhist. Reichsmus., Stockholm, Nr. 
Br. 4559), Steinbruch im Walde in der Nahe des Ufers W vom Dorfe Saxby 
(F;b8), Piirsalu (Ficy; 2 Ex. im Palaont. Mus. Oslo; s. Taf. I, Fig. 10). 

Atrypacea: Catazyga ist in der Kérgessaare-Zone (Fyba, z.B. bei ,,Saxby 
Strand N“ und im Steinbruch von Kohila), Nyby-Zone (Fc, im Riffkalkstein 
bei Nyby) und im Steinbruch bei Palukiila Krug auf Hiiumaa (F;cB oder 
F,cy) angetroffen worden. Plectatrypa erscheint in der Nyby-Zone, und das 
haufige Vorkommen von noch unbeschriebenen Arten dieser Gattung, be- 
sonders in West-Estland, ist fiir die Pirgu-Stufe sehr kennzeichnend. Der 
erste Vertreter dieser Gattung, Plectatrypa sulevi JAANUSSON (in ALICHOVA 
1954) (s. Taf. I, Fig. 7; Textabb. 4B), ist eine kleine Art, die auf die Nyby- 
Zone beschrankt ist (s. S. 398). Zusammen mit dieser Art kommt in West- 
Estland (Steinbruch von Nyby, Riffkalkstein bei Nyby, Steinbruch SW von 
Karrslatt, Huitberg) eine neue Art einer neuen Atrypidengattung vor (Solar 
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Abb. 4. A. Atrypidae n. gen. et n. sp. Ventralschale. — B. Plectatrypa sulevi JAAN. Ventral- 
schale (s. Taf. I, Fig. 7). Zeichnungen nach Photographien der Exemplare im Geologischen 
Museum in Tartu. Steinbruch von Nyby, Nyby-Zone. x 3. 


Fig. 9; Textabb. 4A). In den oberen Zonen der Pirgu-Stufe erscheinen andere 
grossere, neue Arten der Gattung Plectatrypa (sp. A und sp. B). 

Meristina? terebratulina (WAHLENBERG 1821). Im obersten Ordovizium und 
untersten Silur von Nordeuropa kommt eine Artengruppe der Gattung 
Meristina oder einer nahe verwandten neuen Gattung vor, die in den strati- 
graphischen Besprechungen oft erwahnt worden ist. Eine Form dieser Arten- 
gruppe wurde bereits von WAHLENBERG ([1818] 1821, S. 64) aus dem Boda- 
Riffkalkstein (Osmundsberg) des Siljan-Gebietes als Anomites terebratulinus 
beschrieben, aber nicht abgebildet. Das Originalmaterial dieser Art befindet 
sich im Museum des Palaontologischen Institutes von Uppsala und ist mit 
einer Etikette in WAHLENBERGs eigener Handschrift versehen. Das vollstandigste 
Exemplar wird hier zum Lectotypus gewahlt, der auf Tafel I, Fig. 1-5 abge- 
bildet ist. Spater wurde eine schmilere Form dieser Artengruppe aus den Dal- 
manitina-Schichten von Borenshult, Ostergétland, von DALMAN (1828, Tab. V, 
Fig. 5) als Atrypa cassidea beschrieben und abgebildet. Eine dritte Form 
wurde von Sowersy (1839) aus England als Atrypa crassa aufgestellt. Die 
englischen Formen dieser Artengruppe wurden vor kurzem yon WILLIAMS 
(1951) einer Revision unterzogen, wobei er innerhalb Meristina crassa mehrere 
Unterarten absonderte. Ohne eingehende Untersuchung lasst sich jedoch nicht 
feststellen, ob die von WaHLENBERG und DaLMaN aufgestellten Formen in die 
Variationsbreite einer Art fallen, oder spezifisch verschieden sind, und ob eine 
oder beide dieser Formen mit einer Unterart von M. crassa identisch sind. — 
Spatere skandinavische Verfasser haben die Aufstellung der oben genannten 
schwedischen Arten tibersehen und die ganze Formengruppe als M. crassa 
(Sow.) bestimmt (Kir 1897, TROEDSSON 1921, THORSLUND 1935 usw.). Aus 
dem Lyckholm-Stufenkomplex hat bereits Fr. ScHMIDT (1858, S. 209) aus 
den Steinbriichen von Palukiila Krug (Fyc8 oder Fycy) und Rannakiila (Fycy) 
eine Form dieser Artengruppe richtig als Merista? cassidea DALM. angefiihrt. 
Dieselbe Art wurde von JaaNusson (1944) als Hindella umbonata (BILLINGs) 
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bestimmt. Sie kommt auch in den Blécken am neuen Hafen von Haapsalu 
reichlich vor (F,cy). Alle diese estlindischen Exemplare scheinen zu der 
schmialeren, von DaALMAN beschriebenen Form zu gehéren und werden hier 
vorlaufig als Meristina? cassidea bestimmt. Von der breiteren, von WAHLENBERG 
beschriebenen Form sind einige Exemplare in der Porkuni-Stufe (F,) u.a. im 
Steinbruch von Porkuni und in den Geschiebeblocken des Porkuni-Kalksteines 
auf Hiiumaa gefunden worden. 


- Die Kotrelation des Oberordoviziums in Baltoskandien 


Die lithologische Fazies und die mit ihr verbundene Fauna sind im Ober- 
ordovizium von Skandinavien im allgemeinen von der in Estland sehr ver- 
schieden. In Skandinavien herrschen mit Ausnahme von einigen Formationen, 
wie z.B. 5a im Oslo-Gebiet, pelitische, terrigene Sedimente, wie Schiefer 
und Mudstone, mit Einlagerungen von tonreichem Calcilutit, vor. In Estland 
dagegen ist, abgesehen von der Rakvere- und der Saunja-Stufe, wo mehr oder 
weniger reine Calcilutite vorherrschen, das gewohnliche Gestein im Ober- 
ordovizium Calcarenit und calcarenitischer Calcilutit. Die Fauna der pelitischen 
Sedimente in Skandinavien ist gekennzeichnet u.a. durch Tvetaspis, Isotelus, 
Flexicalymene, Stygina, Remopleurides und Christiania und durch die Seltenheit 
oder vollstandige Abwesenheit grosserer sessiler ‘Tiere, wie Korallen, Bryozoen 
und grosser Brachiopoden. Denselben faunistischen Charakter haben auch die 
mehr oder weniger reinen Calcilutite, z. B. die der Saunja-Stufe in Estland und 
des ,,Ostersj6-Kalksteines‘‘ im stidbottnischen Gebiet. Diese Fauna kann of- 
fenbar als eine Weichbodenfauna betrachtet werden. Die tonreichen Calcilutite 
und schalentriimmerreichen (calcarenitischen) Calcilutite von F;b—-F, in Estland 
dagegen sind sehr reich an verschiedenen sessilen Formen und weisen somit 
auf giinstige Substratverhiltnisse fiir solche Organismen hin. Ausserdem fiihren 
sie reichlich Cephalopoden und Gastropoden. Wenn in Skandinavien ahnliche 
tonreiche Calcilutite oder calcarenitische Calcilutite ausgebildet sind, wie z. B. 
in der 5 a-Stufe der Oslo-Region, so enthalten sie beinahe dieselbe Fauna wie 
die entsprechenden estlandischen Ablagerungen und kénnen daher sicher mit 
Estland korreliert werden. Einen dritten grossen Faziestypus im baltoskan- 
dischen Oberordovizium stellen die Riffkalksteine von Siljan-Typus dar (Boda- 
Kalkstein in Schweden und Nyby-Riffkalksteine in West-Estland). Ihre Fauna 
weist viele mit den calcarenitischen Ablagerungen gemeinsame Arten auf, es 


kommen aber auch zahlreiche Elemente vor, die auf diese Riffkalksteine be- 


schrinkt zu sein scheinen. Die Umgebungsfazies der Riffkalksteine ist vor allem 
durch den Reichtum an Cystoiden gekennzeichnet. In den Riffkalksteinen der 
Nyby-Zone in West-Estland scheint der Anteil der Korallen auch in den zen- 
tralen Teilen des Riffes grésser zu sein als im teilweise gleichaltrigen Boda- 
Kalkstein des Siljan-Gebietes. 

Dje mittel- und oberordovizischen Riffkalksteine von Schweden sind bis 
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jetzt im allgemeinen Leptaena-Kalksteine genannt worden. Diesen Namen 
haben sie nach dem stellenweise hiufigen Vorkommen grosser Sowerbyella- 
Arten [S. schmidti (Linpstr.) und S. n. sp.] erhalten (TO6RNQUIST 1871). Da 
aber einerseits diese Arten zu einer anderen Gattung gestellt worden sind, die 
echte Leptaena andererseits in diesen Riffkalksteinen selten vorkommt und fiir 
sie keineswegs kennzeichnend ist, soll, wie bereits THORSLUND (19324) hervor- 
gehoben hat, diesen Riffkalksteinen ein neuer Name gegeben werden. Hier 
wird anstatt ,,Leptaena‘-Kalkstein der Name Riffkalkstein von Siljan-Typus 
oder Siljan-Riffkalkstein vorgeschlagen. Kennzeichen und Vorkommen der 
Riffkalksteine dieses T'ypus werden vom Verfasser in einem anderen Zusammen- 
hang besprochen. 

Fur die Korrelation des Oberordoviziums zwischen Estland und Skandi- 
navien gibt es gegenwartig vier mehr oder weniger sichere Stiitzpunkte: 
1. Der untere Teil des Slandrom-Kalksteines entspricht hochstwahrscheinlich 
wenigstens einem Teil der Rakvere-Stufe (E) in Estland (s. JAaNUSSON 1953). 
2. Die Rote Tretaspis-Formation enthilt in ihrer kalkigen Ausbildung, so wie 
in Ostergotland und im Siljan-Gebiet von Schweden, mehrere Arten, die in 
Estland auf die Nyby-Zone (F,c«) beschrankt sind (z.B. Plectatrypa sulevi 
Jaan.) oder in der Nyby-Zone erscheinen (z.B. Discoceras antiquissimum 
EicHw.) und kann mit dieser Zone korreliert werden. 3. Die 5 a-Stufe in der 
Oslo-Region steht faunistisch dem oberen Teil der Pirgu-Stufe (Fic8 + F,cy) 
in Estland sehr nahe. Beide enthalten viele gemeinsame Arten und ihre Korrela- 
tion ist nach der Ansicht des Verfassers eine der sichersten im baltoskandischen 
Ordovizium. Die 5 b-Stufe in der Oslo-Region und die Porkuni-Stufe in Estland 
werden von Schichten iberlagert (Juuru-Stufe, G,, in Estland und Etage 6 in 
Norwegen), die eine ahnliche Fauna fiithren und zweifellos miteinander kor- 
reliert werden kénnen (vgl. auch RosENSTEIN 1940 und MaRTNA 1956). 

Diese Korrelationen bilden ein mehr oder weniger sicheres Geriist fiir die 
Korrelationstabelle des Oberordoviziums von Baltoskandien. Die ubrigen 
Abteilungen miissen gegenwartig noch nach ihrer stratigraphischen Stellung 
im Verhaltnis zu den oben genannten Formationen sowie auf Grund einzelner 
Arten korreliert werden. Sowerbyella schmidti (Linpstr.) erscheint in Estland 
in der Korgessaare-Zone der Vormsi-Stufe und im Siljan-Gebiet (ndrdliches 
Profil von Skalberg) im Schwarzen Tretaspis-Schiefer. Discoceras roemeri 
STRAND ist eine charakteristische Art fiir 4ca und 4c® in der Oslo-Region 
(s. STRAND 1933) und fiir die Vormsi-Stufe in Estland. Meristina? cassidea 
(DaLMan) erscheint auf dem Kinnekulle, Vastergétland, bereits im Sandstein, 
der héchstwahrscheinlich zu der Staurocephalus-Stufe gehort (s. HENNINGS- 
MOEN 1948, S. 380), und in West-Estland im oberen Teil der Pirgu-Stufe 
(Fic8 oder Fycy). Die vertikale Verbreitung dieser Arten gestattet die Annahme, 
dass die Schichtenfolge zwischen dem Slandrom-Kalkstein und der Roten 
Tretaspis-Formation in Schweden mit der Vormsi-Stufe (Fyb), und die Stauro- 
cephalus-Stufe mit dem oberen Teil der Pirgu-Stufe (Fic8 + Fycy) korreliert 
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Tabelle III. Korrelation des Oberordoviziums in Baltoskandien. 


Estland Schweden Oslo-Region 
iPS Porkuni-Stufe Dalmanitina-Stufe 5b 
4 : ane ee Staurocephalus-Stufe 5a 
Fic 4 — fait its 
a a Nyby-Zone Rote Tvetaspis-Formation 4d 
»Mittlere Tretaspis-Schichten‘ 
Fyb Women e Sigs) SS 
Schwarzer Tretaspis-Schiefer 4c 
Fya Saunja-Stufe 
Slandrom-Kalkstein 
E Rakvere-Stufe 


werden sollten. Die Korrelation der Stufen 5a und 5b der Oslo-Region mit 
der Staurocephalus-Stufe, resp. der Dalmanitina-Stufe in Schweden hat bereits 
Kir (1897) angenommen. Gegenwiartig sind die oberordovizischen Faunen 
in Baltoskandien jedoch noch unvollstindig bekannt, und weitere faunistische 
Bearbeitungen werden sicherlich neue Stiitzpunkte ftir die Korrelation liefern. 

Die wahrscheinliche Korrelation des Oberordoviziums in Baltoskandien ist 
aus Tabelle III ersichtlich. 

Das Oberordovizium des siidbottnischen (,,nordbaltischen“) Gebietes wurde 
von WIMAN (1907) als ,,Ostersjé-Kalkstein‘’ zusammengefasst, welcher tiber- 
wiegend aus mehr oder weniger reinen, dichten Calcilutiten besteht, die 
gewohnlich ziemlich arm an Makrofossilien sind. Die Fauna der aus dem 
gleichen Gestein bestehenden Abteilungen der estlandischen Schichtenfolge, 
u.zw. die Rakvere- und die Saunja-Stufe, geht auch im stidbottnischen Gebiet 
im grossen und ganzen unverandert weiter. Der Geschiebeblock Torron Nr. 7 
(s. WimaAN 1907, Tab. 8) z.B., weist die charakteristische Rakvere-Fauna auf, 
und der Geschiebeblock Ekeby Nr. 41 enthalt die Fauna der Saunja-Stufe. 
Andere Blocke mit der Saunja-Fauna sind nach der Veroffentlichung der 
Untersuchung von Wriman (1907) gefunden worden, und es scheint sogar, 
dass die meisten aus fossilarmen, dichten, graugelben Calcilutiten bestehenden 
Geschiebeblécke zu dieser Stufe gehoren. Geschiebeblocke mit einer Fauna der 
Vormsi-Stufe sind dem Verfasser bis jetzt noch nicht bekannt, was offenbar 
auf der abweichenden lithologischen Fazies im stidbottnischen Gebiet beruht. 
Dagegen kommen Blocke vor, deren Fauna derjenigen des Schwarzen Tretaspis- 
Schiefers ahnlich ist (wie z.B. Geschiebeblock Norrskedika Nr. 1, s. WIMAN 
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1907, Tabelle 8). Nach der vorgenommenen Korrelation (s. Tabelle III) ist 
es moglich, dass wenigstens ein Teil dieser Bloécke von den der Vormsi-Stufe 
entsprechenden Schichten stammt. Die Geschiebeblécke, die Plectatrypa ent- 
halten (wie z.B. Malby Nr. 2, Norrskedika Nr. 8, ro und 29 und Séderby 
Soder6n Nr. 1), ko6nnen nicht alter sein als die Nyby-Zone, und da diese Arten 
identisch sind mit jenen, die in Estland auf die Nyby-Zone beschrankt sind 
(Plectatrypa sulevi Jaan. und Atrypidae n. gen. et sp. genannt), kann ihre 
Zugehorigkeit zu dieser Zone als festgestellt betrachtet werden. Geschiebe- 
blécke, die mit Sicherheit jiinger sind als die Nyby-Zone, sind dem Verfasser 
aus dem stidbottnischen Gebiete gegenwartig nicht bekannt. 

Aus dem Geschiebe von Ojle Myr auf Gotland hat Wiman (1901) eine 
reiche, grésstenteils verkieselte Fauna beschrieben, die er in die Porkuni- 
(,,Borkholm**-)Stufe stellte. Spater zweifelte jedoch THoRSLUND (1938, S. 37— 
38) an der Richtigkeit von Wimans Bestimmung des stratigraphischen Hori- 
zontes und nahm an, dass wenigstens der grésste Teil der von WIMAN unter- 
suchten Geschiebeblécke aus der Lyckholm-Stufe stamme. Die Fauna dieser 
Geschiebeblocke hat zweifellos eine etwas widersprechende Zusammensetzung, 
indem dort Arten, die in Estland auf die Porkuni-Stufe beschrankt sind [wie 
z.B. Platylichas? mastocephala Or1x, Actinomena luna (Linpstr.), Streptis usw.], 
zusammen mit Arten vorkommen, die in Estland nicht hoher als in die Pirgu- 
Stufe gehen. Eine solche Pirgu-Porkuni-Mischfauna ist aus Estland noch nicht 
bekannt. Der untere Teil der Porkuni-Stufe besteht aber in Estland aus fossil- 
armen, dolomitischen Kalksteinen (R6a-Schichten, s. Martna 1956), deren 
Fauna noch ungeniigend bekannt ist. Es ist méglich, dass die eine F,c—F,- 
Mischfauna enthaltenden Geschiebeblécke von Ojle Myr aus den mit den 
R6a-Schichten gleichaltrigen Schichten stammen. 

Die Einzelheiten der Korrelation zwischen den oberordovizischen Grapto- 
litenzonen und der Einteilung der Kalk- und Schlammsteinfazies sind in Balto- 
skandien noch unklar. Der Schwarze Tretaspis-Schiefer enthalt in Schweden 
eine Graptolitenfauna der Zone mit Plewrograptus linearis (THORSLUND 1935; 
S. 47-48; 1940, S. 94-95; HENNINGSMOEN 1948). Die dem Roten Tretaspis- 
Schiefer entsprechenden Schichten in Skane (Z. mit ,, Niobe‘ lata und Dicello- 
graptus complanatus, s. OLIN 1906) enthalten Graptoliten der Zone mit Dicello- 
graptus complanatus. Das oberste Ordovizium (Staurocephalus- und Dalmanitina- 
Schichten) ist in Schweden nicht als graptolitenfiihrende Schiefer ausgebildet. 
Von Bornholm hat PoULSEN (1936) aus den Staurocephalus-Schichten Dicello- 
graptus anceps var. bornholmiensis beschrieben, und diese Schichten entsprechen 
aller Wahrscheinlichkeit nach einem Teil der Zone mit Dicellograptus anceps. 
Die Lage der Grenzen oben genannter Graptolitenzonen in der Kalk- und 
Schlammsteinfazies ist jedoch gegenwartig unbekannt. Neue Untersuchungen 
der entsprechenden Schichtenfolge in Skane werden hoffentlich zu einer 
genaueren Korrelation fihren. 
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Bemerkungen iiber die Grenze zwischen Ordovizium und Silur 
in Baltoskandien 


Eine historische Ubersicht tiber diese Grenze in Estland hat JaaNussON 


7 (1944, S. 98-99) gegeben. Die von ihm in dieser Arbeit vorgeschlagene Grenze 
- zwischen diesen Systemen (zwischen F,b und Fyc) war jedoch auf eine fehler- 


hafte Korrelation mit dem entsprechenden Teil der schwedischen Schichten- 
folge (auf THORSLUND 1935, S. 45, Fussnote 2 gestiitzt) gegriindet. 

Da man in den letzten Jahrzehnten sowohl in Estland als auch in Norwegen 
diese Grenze gewohnlich nach dem schwedischen Vorbild gezogen hat, werden 
im folgenden Fragen naher besprochen, welche diese Grenze in Schweden 
betreffen. Die Lagerfolge beiderseits der Grenze zwischen Ordovizium und 
Silur ist in Schweden gegenwartig am besten in Skane und am Kinnekulle in 
Vastergotland bekannt. In Skane hat TROEDSSON (1918, 1920, 1936) folgende 
Einteilung der Schichtenfolge zwischen dem silurischen Rastrites-Schiefer und 
den ordovizischen Tretaspis-Schichten beschrieben (hauptsachlich nach 
TROEDSSON 1936, S. 490, Korrelationstabelle 1; von oben nach unten): 


Zone mit Climacograptus scalaris [= C. scalaris normalis| 


» » Homalonotus [= Brongniartella] platynotus 
» » Dalmanites [= Dalmanitina] mucronatus 

» » Dalmanites eucentrus [= Dalmanitina olint] 
» » Staurocephalus clavifrons 


Die Zonen mit Homalonotus platynotus, Dalmanites mucronatus und D. eu- 
centrus wurden von TROEDSSON (1920) Dalmanites-Schiefer [= Dalmamtina- 
‘Schichten JAANUSSON 1944] genannt. Dalmanitina olini TEMPLE ist in Schweden 
ausserhalb von Skane nicht gefunden worden, und da D. mucronata von den 
Staurocephalus-Schichten bis zum obersten Teil der Dalmanitina-Schichten 
verbreitet ist, kann eine entsprechende Einteilung der letzteren Schichten in 
anderen Kambro-Silurgebieten Schwedens nicht durchgefiihrt werden. Nach 
TROEDSSON (1936) entsprechen die Dalmanitina-Schichten in Vastergotland 
nur der obersten Zone dieser Schichten in Skane. Statt der unteren und mitt- 
leren Zone der Dalmanitina-Schichten in Skane nimmt er in anderen Kambro- 
Silurgebieten eine Liicke in der Schichtenfolge an, was jedoch noch bekraftigt 
werden muss. 

Die Grenze zwischen Ordovizium und Silur wurde von TROEDssoN, dem 
Beispiel von TULLBERG (1882, 1883) folgend, zuerst (1918, 1920) oberhalb der 
Zone mit Climacograptus scalaris normalis gezogen, da seiner Ansicht nach 
diese Grenze mit der Ashgill-Llandovery-Grenze in England korreliert werden 
sollte. Spater (in TROEDsSoN & RoswALL 1926, ‘TROEDSSON 1936) betrachtete 
TroEDsson die Dalmanitina-Schichten als basale Transgressionsablagerungen 
des Silurs und zog die Grenze Ordovizium-Silur zwischen den Zonen mit 
Dalmanitina eucentra [= olini] und Staurocephalus clavifrons. Die den Dal- 
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manitina-Schichten entsprechenden Schichten (=unterer Teil des Brachio- 
podenschiefers) wurden bereits von Hoim (1901, S. 60) als basale Trans- 
gressionsablagerungen des Silurs betrachtet. TROEDSSON griindete seine Auf- 


fassung beztiglich dieser Grenze hauptsichlich auf folgende Argumente: (1) die | 


allgemeine lithologische und stratigraphische Entwicklung der Dalmanitina-— 
Schichten und der angrenzenden Schichten; (2) die angenommenen normalen | 
Einlagerungen von Rastrites-Schiefer im oberen Leptaena-Kalkstein [= Boda- | 
Kalkstein] des Siljan-Gebietes; (3) das von Wiman (1gor) in den Porkuni- | 
Geschieben von Ojle Myr auf Gotland angefiihrte Vorkommen von Climaco- 


graptus rectangularis, der eine charakteristische Form des mittleren Llandovery | 


darstellt; (4) das Vorkommen von Meristella [= Meristina] crassa (J. pk C. Sow.) 
in den Dalmanitina-Schichten in Vastergétland, welche Art nach TROEDSSON 
in England eine charakteristische Llandovery-Form darstellt und im Ordo- 
vizium nicht nachgewiesen worden ist. Beziiglich dieser Argumente kann 
folgendes angefiihrt werden: (1) was die allgemeine lithologische und strati- 
graphische Entwicklung der genannten Schichten anbelangt, so gibt es auch 
andere Deutungsméglichkeiten als die von TROEDSSON angefiihrten (so Zz. by 
G. Kaursky 1953, S. 120-121); (2) die Spaltenfiillungen im Boda-Kalkstein 
sind mit Sicherheit nach der Ablagerung dieses Riffkalksteines entstanden 
(IsBERG 1918, 1934, S. 16-19; THORSLUND 1932a, 1932b, 1935, S. 44); (38 
das von WimaN (1901) als Climacogr. rectangularis angefiihrte Exemplar ist 
nicht spezifisch bestimmbar, gehért aber nach unpublizierten Untersuchungen 
sicherlich nicht zu dieser Art; (4) Meristina crassa kommt in England bereits 
im Ashgillian vor (Kinc & WILcocKSON 1934; WILLIAMS 1951); in Schweden 
sind Vertreter dieser Formengruppe aus den Dalmanitina-Schichten als selb- 
standige Arten bereits friiher als in England beschrieben worden, ihre Identitat 
mit MM. crassa ist jedoch vorlaufig nicht mit Sicherheit festgestellt worden 
(s. S. 384). Ein Vertreter dieser Formengruppe kommt in Schweden bereits 
in den Staurocephalus-Schichten (HENNINGSMOEN 1948, 5S. 380) und in Est- 
land in Fyc (s. S. 384) vor. 

In Schweden haben die meisten spateren Verfasser (THORSLUND 1935 uSW.; 
WarBURG 1939; WRN 1948 und andere) die Ordovizium-Silur-Grenze nach 
TROEDSSON zwischen den Dalmanitina- und Staurocephalus-Schichten gezogen. 
In Norwegen sind StoRMER (1934) und andere TROEDSSON gefolgt und haben 
diese Grenze zwischen 5a und 5b verlegt. In Estland wurde die Porkuni-Stufe 
(F,) von Optk (1937) als Basis des Silurs betrachtet, da er behauptete, dass 


diese Grenze der Ashgill-Llandovery-Grenze entsprache (s. auch Opik in | 


BUBNOFF 1952, S. 128). 

Anlasslich der Beschreibung des Bohrkernes von Kullatorp, Kinnekulle 
(Vastergétland), zeigte WRN (1948, S. 462), dass die Dalmanitina-Schichten 
dort von Schlammsteinen (Mudstones), die zur Zone mit Glyptograptus per- 
sculptus gehéren, iiberlagert sind (diese Schichten werden jedoch in seiner 
Arbeit zur Zone mit Akidograptus acuminatus gezihlt). Die Zone mit G. per- 
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sculptus stellt die unterste Graptolitenzone des Llandovery in England dar 
und war friher in Schweden nicht mit Sicherheit bekannt. Der oberste Teil der 
Dalmanitina-Schichten in diesem Bohrkern besteht aus kalkhaltigem Sandstein, 
der nach WARN (1948, S. 437) in einer anderen Lokalitaét auch Climacograptus 
von normalis-'Typus fiihrt. Es ist nicht ganz ausgeschlossen, dass dieser Sand- 
stein bereits zur G. persculptus-Zone gehért und daher als Basis des Rastrites- 
Schiefers betrachtet werden muss. In einer Besprechung der oben genannten 
Arbeit von Wz:rn fihrte O. T. JONES (1949) an, dass ,,in comparison with 
the British sections the Ordovician-Silurian boundary should be drawn above 
the Dalmanitina beds“. Von G. Kautsky (1949, Korrelationstabelle; 1953, 
S. 121) wurden die Dalmanitina-Schichten und 5b in Norwegen wieder als 
héchstes Ordovizium betrachtet, und diese Auffassung teilt auch HENNINGS- 
MOEN (1954, 5. 72) (s. auch SPyJELDNzS, Norsk Geol. Tidsskr., Bd. 36, H. 2, 5. 83). 

Es ist gegenwartig noch schwierig, eine genaue Korrelation der Schichten- 
folge an der Grenzregion von Ordovizium und Silur zwischen Skandinavien 
und England durchzufthren. Dies beruht teilweise darauf, dass, soweit dem 
Verfasser bekannt ist, weder in England noch in Skandinavien irgendwo eine 
ununterbrochene Schichtenfolge in der Graptolitenfazies vom Ordovizium 
zum Silur vorkommt. Einen genauen Vergleich der entsprechenden sandigen 
oder kalkigen Fazies kann man aber erst dann durchftihren, wenn die reiche 
Fauna der Dalmanitina-Schichten, besonders aus Ostergétland und Vastergét- 
land, geniigend eingehend beschrieben worden ist. TEMPLE zeigte (1952) auf 
Grund der Verbreitung der Dalmanitina-Arten, dass die Zone mit Dalmanitina 
olini in Skane mit einem Teil des oberen Ashgills in England zu korrelieren 
ist; es ist jedoch unklar, ob er den oberen Teil der Dalmanitina-Schichten zum 
Ashgill oder zum Llandovery zahlte. 

Das Tiatsachenmaterial beziiglich der Korrelation der Grenzregion von 
Ordovizium und Silur in Schweden lasst sich gegenwartig folgendermassen 
zusammenfassen: die obersten Dalmanitina-Schichten werden von einem Teil 
der Zone des unteren Llandovery mit Glyptograptus persculptus wberlagert, 
und der unterste Teil der Dalmanitina-Schichten entspricht mit Sicherheit 
einem Teil des oberen Ashgills. Fiir eine genaue Korrelation des oberen ‘Teiles 
der Dalmanitina-Schichten fehlen gegenwartig noch sichere Anhaltspunkte, 
und diese Frage kann erst nach einer Bearbeitung der Fauna dieser Schichten 
endgiiltig entschieden werden. Da aber die faunistischen Unterschiede zwischen 
den Schichten mit Dalmanitina olini und dem oberen Teil der Dalmanitina- 
Schichten nach den bisherigen Angaben gering sind, diirfte es am wahrschein- 
lichsten sein, dass die gesamten Dalmanitina-Schichten in Schweden zum 
Ashgill gehoren und daher als oberstes Ordovizium betrachtet werden miissen. 
In vorliegender Arbeit wird daher die Ordovizium-Silur-Grenze in Estland 
zwischen der Porkuni- (F,-) und der Juuru- (G,-)Stufe gezogen. 

In der Tiefbohrung von Kamariku in Ost-Estland hat man einen ungefahr 
2 m miachtigen weissen Quarzsandstein angetroffen (vgl. ROSENSTEIN 1943; 
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Opik in BuBNoFF 1952, S. 128; Marrna 1956). Dieser Sandstein liegt tiber 
fossilfithrenden Schichten der Porkuni-Stufe und wird von ungefahr ebenso 
machtigem, dichtem, weissem fossilfreiem Kalkstein, dem die fossilfiihrenden 
Schichten der Juuru-Stufe (G,) aufliegen, tiberlagert. Von RosENSTEIN (1943) 
wurde sowohl der Sandstein als auch der hangende Kalkstein zur Porkuni- 
Stufe gezahlt (s. auch OprK in BuBNoFF 1952, loc. cit.). Wie die stratigraphische 
Zugehorigkeit dieser Schichten von ROSENSTEIN (1943) bestimmt wurde, kann 
nicht entschieden werden, da die beiden lithologischen Abteilungen bis jetzt 
kein Fossil geliefert haben. Das Vorkommen eines relativ machtigen klastischen 
Sedimentes in einer sonst hauptsachlich aus mehr oder weniger autochthonem 
Kalkmaterial bestehenden Schichtenfolge weist auf eine bedeutende Verinde- 
rung des Sedimentationsmilieus und wahrscheinlich auch auf eine Liicke 
unterhalb des Sandsteines hin. Der Ansicht des Verfassers nach entspricht 
dieser Sandstein wenigstens teilweise dem 6a-Sandstein in der Oslo-Region 
und ist als Basis der Juuru-Stufe, resp. des Silurs zu betrachten. 

Man kann in der Literatur bisweilen hauptsachlich auf TEICHERT (1928, 
S. 77) sich stiitzende Angaben finden, dass die Porkuni-Stufe (F,) in West- 
Estland stellenweise fehlt, d.h. dass dort in einigen Gebieten der Lyckholm- 
Stufenkomplex mit der Juuru-Stufe (G,) oder sogar mit der Tamsalu-Stufe 
(G,) in Kontakt kommt. Diese Angaben basieren ausschliesslich darauf, dass 
auf dem Festlande von West-Estland und der Insel Hiiumaa (Dago) keine 
Aufschlisse der Porkuni-Stufe vorhanden sind. Die westlichsten bekannten 
sicheren Lokalitaten von F, auf dem Festlande (entdeckt von Mag. P. Lannus) 
liegen in der Umgebung von Varbola, namlich bei Kantsi (ungefahr 2 km SO 
vom Gute Polli, O von der Landstrasse), wo dolomitische, an Pelmatozoen- 
fragmenten reiche Kalksteine (wahrscheinlich R6a-Schichten) aufgeschlossen 
sind, und bei Polli (ungefaéhr 200-300 m W vom Dorfe), wo sich ein kleiner 
Riffkalksteinhtigel der Porkuni-Stufe (u.a. mit Streptis undifera FR. SCHM. 
und Stromatoporen) befindet. Auf der kleinen Insel Vohilaid bei der Insel 
Hiiumaa ist der Aufschluss der Porkuni-Stufe jedoch bereits seit langem be- 
kannt (s. STEIN 1937). Als TEICHERT (1928, S. 77) angab, dass das Anstehende 
der Lyckholm-Stufe bisweilen der Tamsalu- (Borealis-)Stufe so nahe liege, 
dass kein Raum fiir die Porkuni-Stufe (F,) und sogar auch fiir die Juuru-Stufe 
(G,) vorhanden ist, rechnete er nicht mit dem Relief des Untergrundes. Wenn 
man namlich in diesen Fallen auch die Unterschiede in der absoluten Héhe 
der von ihm angefiihrten Aufschliisse (wie z.B. in Bezug auf Haapsalu und 
Pullapaa, s. TEICHERT 1928, S. 77) berticksichtigt, so gibt es im Profil doch 
gentigend Platz sowohl fiir die Porkuni- als auch fiir die Juuru-Stufe. Der 
Ansicht des Verfassers nach spricht gegenwartig nichts dafiir, dass die Porkuni- 
Stufe oder die Juuru-Stufe in West-Estland stellenweise ausgekeilt sei. 
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Nachtrag 


Als sich die vorliegende Arbeit bereits im Druck befand, erhielt der Ver- 
fasser Kenntnis von mehreren in der Sovjetunion erschienenen Arbeiten, in 
welchen verschiedene Arten aus dem Lyckholm-Stufenkomplex von Estland 
beschrieben oder besprochen wurden. Eine Zusammenfassung aller strati- 
graphisch bedeutungsvoller Angaben in diesen Arbeiten ist hier nicht méglich, 
insbesondere da einige der wichtigsten Veréffentlichungen in den schwedischen 
Bibliotheken noch nicht zuganglich sind. 

Die Tabulaten sind von SoKoLov (1951, 1955) und die Stromatoporiden von 
RJABININ (1951) monographisch bearbeitet worden. Zufolge SokoLov (1951, 
nach ALICHOVA 1953, S. 20) erscheint Sarcinula bereits in der Rakvere-Stufe, 
und eine Art dieser Gattung (S. lata Sox.) ist fiir F,a bezeichnend. Acidolites 
asteriscus (ROEM.) wird von SoKoLoy (1955) zur neuen Gattung Esthonia, 
Propora hirsuta (LINDsTR.) zu Wormsipora und Heliolites parvistella (ROEM.) 
zu sStelliporella gestellt. Aus F,b des Tapa-Gebietes wird von ihm (1955) 
Proheliolites mirandus Sox. ohne nihere Lokalitatsangabe beschrieben. ALt- 
CHOVA (1953) gibt neue Beschreibungen und Abbildungen gewisser Protrematen 
aus F, von Ost-Estland; die Angaben iiber die Lokalitaten sind jedoch meistens 
so unbestimmt, dass eine stratigraphische Auswertung der behandelten Arten 
nicht mdglich ist. R6omusoKs (1956a) beschreibt den strophomeniden Brachio- 
poden Luhaia vardi Rdo., der nach ihm auf F,cy beschrankt ist und u.a. auf 
Hosholm vorkommt. Von besonderen Interesse sind die Angaben iiber die 
stratigraphische Verbreitung der Arten mancher Gruppen innerhalb des Stufen- 
komplexes; eine diesbeziigliche Ubersicht haben Reman (1954) fir Tetra- 
korallen, Sarv (1955) fiir Ostrakoden und STUMBUR (1956) fiir Cephalopoden 
gegeben. Nach Stumesur kommt Discoceras antiquissimum auch in F,b und 
Protophragmoceras [= Strandoceras] sphynx in Fa vor. Aus der Lokalitat 
, Saxby Strand N‘“ (iba) wird Spyroceras saxbyense StUMBUR beschrieben. 
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Hinsichtlich der stratigraphischen Einteilung von F, folgen die genannten 
Verfasser JAANUSSON (1944) mit Ausnahme von ALICHOVA (1953), die den gan- 
zen Stufenkomplex in Ost-Estland als eine einzige Einheit behandelt. Die 
stratigraphische Einteilung von F, ist von SOKOLOV (1953, 5S. 32-34), ALICHOVA 
(1953, S. 19-20) und RddmusoKs (1956b, S. 25-26) besprochen worden. Nach 
AuicHova kann die Einteilung von JAANUSSON (1944) in Stid-Estland, Lettland 
und Litauen, wo diese Schichten aus Tiefbohrungen bekannt sind, nicht an- 
gewendet werden. Fiir diese Gebiete schlagt sie ihre eigene Einteilung von F;, 
in zwei Abteilungen vor; die Korrelation dieser Abteilungen mit der nord- 
estlandischen Schichtenfolge wird jedoch nicht besprochen. Nach RddmusoKs 
haben die in den letzten Jahren fortgesetzten Untersuchungen von F, in Est- 
land gezeigt, dass die Einteilung von JaaNusson (1944) in Nord-Estland voll- 
kommen zutrifft, ihre Anwendung in den Tiefbohrungen von Mittel- und 
Siid-Estland aber infolge der bedeutenden Veranderungen der Fazies gegen- 
wartig Schwierigkeiten bereitet und fortgesetzte biostratigraphische Unter- 
suchungen erfordert. 

Im Zusammenhang mit den beschriebenen Untersuchungen hat der Ver- 
fasser die Atrypiden aus F, bearbeitet. Diese Arbeit lag bereits im Jahre 1943 
im Manuskript vor. Inzwischen hat ALIcHOvA (in ALICHOvA et al. 1954) eine 
der vom Verf. beschriebenen Arten aus F,ca als Plectatrypa sulevt JAANUSSON 
in coll. veréffentlicht. Da sie aber die ganze oberordovizische Artengruppe von 
Plectatrypa unter diesem Namen zusammenfasst, sieht sich der Verfasser 
zwecks Vermeidung weiterer Missverstandnisse veranlasst, diese Art hier kurz 
zu besprechen. 


Plectatrypa sulevi JAANUSSON (in ALICHOVA 1954) 
DAI, Mi, ia, a, Wesecalo) so. alley 


1953 Plectatrypa sulevi JaaN. — AvicuHova, Tab. 1, S. 20 (Nomen nudum). 
1954 Plectatrypa sulevi JAANUSSON in coll. — Aicuova, S. 33, Taf. XX, Fig. 4, 5, 6 
(non Taf. XX, Fig. 3, 7 = Plectatrypa sp. B in vorliegender Arbeit). 


Hototypus. — Vollstandiges Exemplar, abgebildet auf Taf. I, Fig. 7, Stein- 
bruch von Nyby, Estland, F,cx (Geol. Mus. Tartu). 

Dracnose. — Eine kleine Art von Plectatrypa mit einer abgerundeten Rippe 
im Sinus und zwei weiteren auf dem Sattel, die bei grossen Exemplaren ge- 
wohnlich nahe beim Vorderrand eine beginnende Spaltung aufweisen. Auf 
beiden Seitenteilen der Klappe 6-7 Primarrippen, von welchen sich in der 
Regel die 4-5 ausseren nicht spalten. 

BEMERKUNGEN. — P. sulevi unterscheidet sich von anderen oberordovizischen 
Arten durch ihre konstant geringe Grésse, die bei grossen Exemplaren 10 mm 
nur um ein Weniges iibersteigt, die wenig fortgeschrittene Spaltung der Rippen, 
die verhiltnismassig breiten Rippen und die schwach gewolbte Dorsalklappe. 
Hinsichtlich der Berippung kann P. sulevi als die urspriinglichste balto- 
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skandische Plectatrypa-Art betrachtet werden. Bei den anderen und spater 
auftretenden Arten (P. sp. A und B in vorliegender Arbeit) hat sich die Spaltung 
der Rippen mehr nach der Klappenspitze zu verschoben; gleichzeitig hat sich 
auch die Rippenbreite, im gleichen Abstand von der Klappenspitze gemessen, 
verschmilert. 

ALICHOVA (1954) hat weder eine Diagnose noch eine Differentialdiagnose 
gegeben und auch kein Typenexemplar bestimmt. Die von ihr aus Nyby ab- 
gebildeten Exemplare (Taf. XX, Fig. 4, 5, 6) sind nicht jung, sondern mehr 
oder weniger erwachsen; in F,ca sind uberhaupt keine grésseren Exemplare 
von Plectatrypa gefunden worden. Die anderen von ALICHOVA abgebildeten 
Exemplare aus den Bohrkernen von Siid-Litauen gehoren nicht zu P. sulevi, 
sondern zu der in Estland fiir F,cy kennzeichnenden Art, die in vorliegender 
Arbeit vorlaufig Plectatrypa n. sp. B genannt wurde. 

VorkomMEN. — In Estland ist P. swlewi bis jetzt nur in F 1c% nachgewiesen 
worden. Lokalitaten: Geschiebeblécke am Ufer unmittelbar S_von der Lok. 
,, Saxby Strand S“‘; Steinbriiche vom Dorfe Saxby und 500-600 m SW von 
Karrslatt; Huitberg; Steinbruch und Riffkalkstein von Nyby; Steinbriiche von 
Urge, Pahkla, Lohu und Moe. Siidbottnisches Gebiet: Geschiebeblécke Séder- 
by 1, Malby 2, Norrskedika 8, 10, 29. Siljan-Gebiet (Roter Tretaspis-Schiefer): 
Vikarbyn, Skalberget (nérdliches Profil, 3 m oberhalb des Schwarzen 7: retaspis- 
Schiefers). Ostergotland: Roédbergsudden (Roter Tret.-Schiefer). Exemplare 
dieser oder einer sehr nahe verwandten Art liegen auch aus mehreren Lokali- 
taten des Boda-Riffkalksteines im Siljan-Gebiet vor. 


Literatur zum Nachtrag 


Auicuova, T. N., 1953: PyKosogamaa bayHa Opaxuonoy opmoBuKcKux oTnomeHMit. 
Tpydv BCETENM. Moskwa. 

AticHova, T. N., Batascuova, E. A. und BaLascuov, Z. G., 1954: [lonesoit arnac 
XaPakTePHBIX KOMIMCKCOB (ayHbI OTIOHKEHU OPLOBUKa mM TOTMANLMA RHO 
vactn JluropcKoi CCP. Ibid. Moskwa. 

Reiman, V. M., 1954: Pyros pepxuero OpAOBUKa U IaaH_oBepu Ipn6anrunn. 3d. 
JITY. Leningrad. (Nicht gesehen.) 

RJABININ, V. N., 1951: Crpomaronopuyen DcroucKoit CCP. Tpydu BHUTPH.N.S., 
Bd. 43. Leningrad—Moskwa. (Nicht gesehen.) 

ROdomusoxs, A., 1956a: Luhaia etc. JIoxaadu AH CCCP. Bd. 106, Nr. 6, S. rog1— 
1092. Moskwa. 

——, 1956b: Buocrparurpapmuecnoe pacanenenne OpdoBuKa IcTroncKolt CCP. Eesti 
NSV Teaduste Akad., Geol. Inst. Uurimused I. Tallinn. 

Sarv, L., 1955: Dayna ocrpaKox opqoBuka OcTroucKoh CCP. AH Jemoncroii CCP. 
Tallinn. 

STumsvr, H., 1956: O nayrunougenx Koxumacnoro apyca. Tartu Riikliku Ulikooli 
Toimetised, vihik 42. Tallinn. 

SokoLoy, B. S., 1951: TaOyaaTE nmameo30” Esponetickot uactu CCCP, u. I. Tpydvi 
BHHT'PH.N.S., Bd. 48. Leningrad. (Nicht gesehen.) 

——, 1953: In: Jeson Pyccroit naarhopme. BHT PH. Leningrad—Moskwa. 

, 1955: TadyaaTn maneo30a Esponeticnot uacra CCCP. Beeqenne. Tpydu 

BHHUT'PH, N.S., Bd. 85. Leningrad. 


DER OBERORDOVIZISCHE LYCKHOLM-STUFENKOMPLEX IN ESTLAND 399 


Tafel I 


Alle Exemplare wurden vor dem Photographieren mit Salmiak geweisst. 
Die Figuren 1-6 und to wurden von Herrn N. HyortH und 7-9 vom 
Verfasser photographiert. Keine Retuschierung. 
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Meristina? terebratulina (WAHLENBERG 1821) 


1-5. Lecrotypus in fiinf verschiedenen Ansichten. Museum des Palaontologischen Inst., 
Uppsala, Nr. D 524. Siljan-Gebiet, Osmundsberget. Boda-Riffkalkstein. Coll. WAHLEN- 
BERG. X 2. 

6. Einer der Cotypen in Dorsalansicht. Palaont. Inst., Uppsala, Nr. D 525. Lokalitat und 
Horizont wie beim Lectotypus. Coll. WAHLENBERG. * 2. 


Plectatrypa sulevi JAANUSSON (in ALICHOVA 1954) 


7. Ventralansicht eines vollstindigen Exemplars. Mus. Geol. Inst. Tartu. Estland, Stein- 
bruch bei Nyby. Nyby-Zone der Pirgu-Stufe (Fyca). x3. 


Plectatrypa n. sp. A 
8. Ventralansicht. Mus. Geol. Inst. Tartu. Estland, Steinbruch ungeféhr 1 km S vom 
Gute Lohu. Lohu-Zone der Pirgu-Stufe (FycB). <3. 
Atrypidae n. gen. et n. sp. 
g. Ventralansicht eines kleinen vollstandigen Exemplars. Mus. Geol. Inst. Tartu. Estland, 
Steinbruch bei Nyby. Nyby-Zone der Pirgu-Stufe (Fyex). x3. 
Sowerbyella schmidti (LINDSTROM) 


10. Ventralklappe in Ventralansicht. Paldontologisches Museum, Oslo, Nr. A 8436. Estland, 
Piirsalu. Piirsalu-Zone der Pirgu-Stufe (Ficy). Coll. J. Kir 1896. x2. 


Bull. Geol. Inst., Uppsala. Vol. XXXVI: 9 Tafel I. 


to. Two Hollinid Ostracodes from the Silurian 
Mulde Marl of Gotland 


By 


Valdar Jaanusson and Anders Martinsson 


Axpstract.—Two ostracode species belonging to the family Hollinidae are described from 
the Middle Silurian Mulde marl of Gotland, Sweden. A new genus Triemilomatella is proposed, 
with the new species J. prisca as the type species. The other species described is provisionally 
assigned to the genus Parabolbina, but since only tecnomorphs have been found this species 
cannot be properly defined. The dimorphism in Triemilomatella is shown to be of locular type. 
The new subfamily Ctenoloculininae is proposed for the hollinids with locular dimorphism. 


Introduction 


In 1953 HENNINGSMOEN (pp. 240-241, Pl. 1, Figs. 5-8) discussed dimorphic 
characters, and figured both dimorphs of a hollinid ostracode species from the 
Silurian Mulde marl of Gotland determined by him as Parabolbina auricularis 
(Jones). A closer study of new material of this species revealed new dimorphic 
features. A comparison of the Mulde specimens with photographs of the holo- 
type of Bollia auricularis Jones (1887, Pl. XIII, Figs. 1oa-c), kindly supplied 
by the authorities of the British Museum (Natural History) proved the Mulde 
specimens to be specifically different from the English species. Further studies 
showed that these species belong to a new genus for which here the name 
Triemilomatella n. gen. is proposed. During the general examination of the 
Mulde ostracode fauna (MARTINSSON 1955 and 1956) another previously un- 
described hollinid ostracode was found which apparently belongs to Parabol- 
bina. As only tecnomorphic carapaces have been found this species cannot be 
properly defined at present, and is described here as Parabolbina sp. 

The terminology of the ostracode carapace employed in the present paper 
corresponds largely to that applied by Kesiinc (1951b) as emended and 
completed in a forthcoming paper by JAANUSSON (1956). The dimorphic ad- 
ventral structure for which the term carinate (= carinal) has been used (HEss- 
LAND 1949, HENNINGSMOEN 1953) is called the histial structure, chiefly because 
the term “carinal” has previously been applied to a quite different type of 
adventral extensions of the carapace of the podocope ostracodes. As suggested 
by JAANUSSON (1956) the adventral dimorphic extensions of hollinids are not 
of velar origin, as supposed by KESLING (1952) and HENNINGSMOEN (1953); but 
represent most probably a histial structure, homologous with that of the Ordo- 
vician sigmoopsids. ‘The terms female and male type (HENNINGSMOEN 1953) 
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are replaced by the terms heteromorphs and tecnomorphs, respectively. As tecno- 
morphs are designated specimens belonging to preadult instars as well as adult 
specimens which are essentially similar to the preadult instars, and which do 
not exhibit the dimorphic characters of the heteromorphs. The introduction 
of this term has been necessitated by the frequent impossibility without access 
to an extensive material for measurements to distinguish between the adult 
valves of the “‘male type” and the preadult instars of both sexes. The area of 
the domicilium in front of S 2 is termed the preadductorial area and that behind 
S 2 the postadductorial area. The area between the histial structure and the 
free margin is called the subhistial field. A dorsum is termed epicline when it 
projects beyond the hinge line, and hypocline when it does not conceal the 
hinge line in strictly lateral view. The abbreviations (tr.) (= transversal) and 
(long.) (= longitudinal) are used in the descriptions to indicate the direction 
of the length or width of the part of the valve referred to. 

All material described in the present paper belongs to the Museum of the 
Palaeontological Institute, Uppsala University, and has been collected by@ 
Wian, V. Jaanusson, and A. Martinsson. The authors are indebted to Mr. 
R. Baker, British Museum (Nat. Hist.), for having placed photographs of the 
holotype of Bollia auricularis Jonrs at their disposal. 


Fam. Hollinidae Swartz, 1936 
Subfam. Ctenoloculininae nov. 


Dracnosis.— Unisulcate to quadrilobate Hollinidae with locular dimorphism. 
Subhistial field of the heteromorphs provided with two or more loculi, 


GENERA. — Ctenoloculina Bass.rr, 1Q4I 
Parabolbina Swartz, 1936 
Tetrasacculus STEWART, 1936 
Bisacculus Stewart & HENDRIX, 1945 
Subligaculum Kestinc & McMiian, IQ51I 
Abditoloculina KEsLING, 1952 
Trienilomatella n. gen. 


Discusston.—The conception of the family Hollinidae in the present paper 
coincides on the whole with that of HENNINGSMOEN (1953). Following KesLinc 
(1951a) Sulcicuneus KESLING, 1951, is, however, considered to belong to the 
family Primitiopsidae (cf. MaRTINSSON 1955). 

As pointed out by KEsLinc (1952, Fig. 1, Pp. 770-771) the loculate and non- 
loculate Devonian hollinid genera form separate, apparently monophyletic 
groups. The discovery of a Middle Silurian loculate hollinid genus described 
in the present paper extends the distribution of the group with locular dimor- 
phism further backwards in time. In order to distinguish in the classification 
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of this family between the two main phylogenetic lineages of hollinids, the 
new subfamily Ctenoloculininae is proposed in the present paper for the hollinids 
with a locular dimorphism. There is, however, at present no doubt that 
Hollininae and Ctenoloculininae are so closely related as to warrant their in- 
clusion in the same family. The general pattern of lobation as well as the for- 
mation of the heteromorphic histial flange are almost identical in both sub- 
families. 

The loculi in Triemilomatella are shallow, and separated by very low and 
rounded partitions. Since TJ. prisca is the earliest loculate hollinid species 
hitherto known the poor development of the loculi may represent primitive 
conditions. This would suggest a somewhat independent formation of the 
histial flange and of the interlocular transversal septa, but more material of 
Silurian loculate hollinids should be studied in order to decide this question. 


Gen. Triemilomatella n. gen. 


Tyre Species.—Triemilomatella prisca n. sp. 

DERIVATION OF THE NamE.—From Greek zerfu. = one and a half, and the 
diminutive of Awyatoc = provided with a limb, alluding to the “fone and a 
half” arrangement of the histial flange in the tecnomorphs. 

Diacnosis.—Unisulcate, with a relatively broad, moderately long (tr.) sulcus 
extending to half the height of the valve or slightly longer. Tecnomorphs with 
a bilobal histial structure consisting of a short posterior and a long anterior 
flange. Anterior ends of both flanges merge into the general surface of the 
domicilium, posterior ends abrupt, pointed. Heteromorphs with a long, con- 
tinuous, flange-like histium possessing the same general width as the tecno- 
morphic histium, posterior end usually extended into a spine. In both dimorphs 
the histium reaches nearly to the transversal mid-line of the postadductorial 
area. Subhistial field in heteromorphs of the type species with 6(—7) loculus- 
like shallow depressions. 

Sprcirs.—Bollia auricularis Jones, 1887 and Triemilomatella prisca n. sp. 

Discussion.—The species here referred to Triemilomatella were included by 
HENNINGSMOEN (1953, p- 241) in Parabolbina. The tecnomorphs of the 
latter genus possess, however, two pairs of prominent spurs and no flange, 
and the heteromorphic histial flange, though similar in general shape and 
extension to that of Triemilomatella, has a strongly undulate lateral surface. 
The radially directed furrows upon this surface evidently correspond to the 
partitions between the loculi on the subhistial field. These differences between 
Parabolina and Triemilomatella are considered by the present writers to be of 
generic importance. In the bilobal shape of the tecnomorphic histial structure 
Subligaculum displays a certain similarity to Triemilomatella. Contrary to the 
latter genus it is, however, the anterior and not the posterior part of the histial 
structure which is longer in Subligaculum, the former being shaped as a mode- 
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rately long (long.) flange, whereas the posterior part consists of a prominent 
spur like that of Parabolbina (cf. Kestinc & McMILLAN 1951, Pl. 2, Figs. 3-4). 
In Subhgaculum the lateral surface of the heteromorphic histial flange is also 
strongly undulate, and the subhistial field is provided with a row of rather deep 
loculi. Moreover, the lobation of the latter genus differs from that of Triemilo- 
matella. In spite of these differences Triemilomatella is most probably related 
to the two genera discussed above. 

OccurRENCE.—Middle Silurian (Wenlockian). Northern Europe (Gotland, 
England). 


Triemilomatella prisca n. sp. 


Pl. I, Figs. 1-6. 


1901 Bollia auricularis Jones — Jones in CHAPMAN, p. I50. 
1934 Ctenobolbina auricularis (JONES) — BAssLER & KELLETT, p. 67, p. 240 (partim). 
1953 Parabolbina auricularis (JoNEs) — HENNINGSMOEN, p. 240, Pl. 1, Figs. 5-8. 


Ho.orypr.—Heteromorphic carapace, Museum of the Palaeontological Inst., 
Uppsala, no. G 129, figured on PI. I, Fig. 1. 

Type Locatity.—Gotland, parish of Fréjel, Mulde brickyard. 

Type Stratum.—Mulde marl, probably uppermost Wenlockian (cf. HEDE 
1942, p. 19). 

DERIVATION OF THE NAME.—Lat. priscus, early occurring, primitive, alluding 
to the fact that this species is one of the oldest loculate hollinids hitherto 
described. 

Diacnosis.—Length of the heteromorphic valves 550-730 u, postadduc- 
torial area comparatively short, anterior cardinal angle about 105-110°. The 
pre- and postadductorial areas rather strongly convex, greatest convexity as a 
rule at about the transversal mid-line of the postadductorial area. Domicilium 
ornamented by closely spaced small tubercles of about uniform size, frequently 
arranged into rows. 

MATERIAL.—275 separate valves, 100 carapaces. 

DeEscriIpTION.—Anterior half of the valve slightly higher than the posterior 
half, anterior end more broadly rounded. Posterior cardinal angle slightly 
smaller than the anterior cardinal angle which is about 1o5-110°. Both the 
pre- and post-adductorial areas rather strongly convex, greatest convexity as 
a rule at about the transversal mid-line of the postadductorial area. 

Hinge-line long, dorsum rather high, convex and slightly epicline posteriorly, 
low and hypocline anteriorly. The cardinal corners of the left valve prominent, 
thickened and slightly protruding beyond the hinge-line (cf. Pl. I, Figs. 1d, 3d); 
those of the right valve flattened. The left valve overlaps the right one along 
the free margin, the overlap being conspicuous posteriorly and anteriorly, but 
very slight to almost absent ventrally. Both valves possess a narrow, low mar- 
ginal ridge consisting of coalesced tubercles (4-5 per 10 u) close to the free edge. 
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The hingement of the left valve consists of a simple, thin, usually poorly 
defined edge in the middle of the dorsal contact surface along the whole dorsal 
margin. Close to the anterior cardinal corner the edge becomes almost obsolete. 
The right valve with a narrow groove in the middle of the dorsal contact sur- 
face; its posterior end as a rule slightly expanding. 

Sulcus moderately wide (long.), deep, transversally directed, slightly longer 
(tr.) than half the height of the valve. Its posterior margin more or less straight, 
anterior margin distinctly concave. The ventral end of the sulcus expands 
slightly, and continues anteroventrally in a shallow, poorly defined depression 
which disappears at about half the distance between the ventral end of the 
sulcus and the histium. 

Tecnomorphic valves with bilobed histial structure, consisting of a long 
posterior and a short anterior flange. The posterior flange extends posteriorly 
roughly to the transversal mid-line of the postadductorial area or slightly 
behind it; its posterior margin is abrupt, the posterior end produced into 
a spine of varying length. Anteriorly the posterior flange extends to about 
the transversal mid-line of the pre-adductorial area or slightly in front of it, 
merging there into the general surface of the domicilium. The width (tr.) of 
the posterior flange increases in posterior direction. The anterior flange is short 
and situated anteroventrally. Its greatest width is usually slightly less than that 
of the posterior flange, its posterior margin being abrupt, straight to concave, 
the posterior end slightly protruding in posterior direction. The antero- 
dorsal part of the anterior flange is conspicuously curved towards the free edge 
(cf. Pl. I, Fig. 3a), its anterior end merging into the general surface of the 
domicilium ventrally of the horizontal mid-line of the preadductorial area. 

Heteromorphic valves provided with a long (long.) continuous histial flange. 
Its general width is equal to, and its posterior extension identical with that of 
the posterior tecnomorphic flange, and the posterior end is commonly extended 
into a stout spine, broken off on most specimens studied. Anteroventrally the 
contact area between the flange and the domicilium is situated higher up 
laterally than the corresponding part of the tecnomorphic valves; the anterior 
end reaches also considerably higher up dorsally than that of the tecnomorphs 
(cf. Pl. I, Figs. 1a, 2a), merging into the general surface of the domicilium 
somewhat dorsally of the horizontal mid-line of the preadductorial area, and as 
a tule also slightly dorsally of the horizontal mid-line through the middle of 
the sulcus. 

In both dimorphs the lateral surface of the histial flange is smooth and 
slightly concave, situated in ventral view well below the top of the domicilium, 
and separated from the lateral surface of the domicilium by a usually rather 
distinct change in convexity. The flange is conspicuously thickened along its 
distal margin. 

Tecnomorphic valves with a slightly concave subhistial field without any 
trace of loculi. In heteromorphic valves the subhistial field is faintly undu- 
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Fig. 1. Transversal section (roughly at the 

level of S2) of a tecnomorphic carapace of 

Triemilomatella prisca n. sp. After a thin sec- 

tion, * 100. On account of recrystallization 

the contact area of the valves is not clearly 
discernible. 


late and provided with 6(-7) wide and faint depressions usually visible only 
in strongly inclined illumination. They are invariably present on all hetero- 
morphs examined. These depressions evidently represent orimentary loculi. 

Lateral surface of the domicilium except the sulcus ornamented by closely 
set, distinct, small tubercles or granules of about uniform size. On some parts 
of the domicilium the tubercles appear to be arranged in distinct rows, on some 
specimens, however, such rows are not distinguishable. The tecnomorphic 
subhistial field is ornamented with tubercles of the same appearance, whereas 
the heteromorphic, loculiferous subhistial field is smooth. The ornamentation 
especially on the protruding parts of the domicilium seems to be easily worn 
off, giving to some specimens a smooth appearance. 

Discussion.—Curiously enough no preadult instars have been found of this 
species in spite of the rather large material examined. Some tecnomorphic 
specimens with relatively weakly developed histial flanges were assumed to 
belong to the preadult instars, but their size dispersion falls within the limits 
of that of the heteromorphs. No explanation to this phenomenon can be given 
at present. 

The size dispersion from a sample signed 1955:1 (MaRTINSSON 1956) is 
shown in Fig. 2. The dimensions refer to single left valves or left valves of entire 
carapaces. The total length and the height over the sulcus, with histium in- 
cluded, have been recorded. The maximal size dispersion for the two dimorphs 
is: 


Heteromorphs, length 550-730 u, 


height 495-610 u, 
tecnomorphs, length 615-730 uy, 


height 475-555 u. 
From the diagram it is evident that the average tecnomorphs are somewhat 


lower and inconsiderably longer than the heteromorphs. 135 specimens were 
measured. 
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H TRIEMILOMATELLA PRISCA 
Sample 1955:1 


t ope 
+ 600 P OM 5° 
@) (e) © © 
OMOO'®© 
OO TO @) (e) 
O O00 OODO0D0O000e 
@) © @) COG CO@@© e) 
OOOMOM OOOn OOo re 


| o_O © CE@OO_O © 1e) 
OMG TOF OOOO, O 7e 
© © © @ © & O© [ ne) 


(e) (Oy) Oo) “© 
(6) Ke) ey “Tierey 0 @) 
@) e@ ® e00 e@ 
1@) (oe) iy Xe) e oO 
Oo @ O 


» 500 


600 700 800 p 


Fig. 2. Size dispersion of Triemilomatella prisca. Heteromorphs set down as circlets, tecno- 

morphs as dots. Height along the ordinate, length along the abscissa. All carapaces and valves 
' in the sample belong to adult specimens. The tecnomorphs tend to be somewhat longer and 
lower than the heteromorphs. 


The following sex ratios have been recorded from two samples: 


| 
Sample | Measured as Tecnomorphs |Heteromorphs ar 
oO 
| 1955:1 carap. and left valves 32 103 2A 
1955: 1 carapaces only 4 4 50:50 
1890: CW carap. and left valves Bu, 55 40:60 
1800: CW carapaces only 28 20M 52:48 


It is difficult to decide whether the ratios calculated on carapaces should be 
preferred to those calculated on valves, but it may be of some significance that 
on the whole the heteromorphs dominate, which may indicate their being 
females. For further discussion concerning the size dispersion and sex ratio, 
cf. MarTINSSON (1956). 

T. auricularis differs from T. prisca inter alia by the following characters: 
(x) the postadductorial area is relatively longer and narrower; (2) the dorsal 
part of the domicilium is less convex; (3) the greatest convexity of the valve 
lies considerably in front of the transversal mid-line of the postadductorial 
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area; (4) the anterior cardinal angle is 136° on the photographs of T. auricularis 
against about 105-110° in T. prisca; (5) the marginal ridges appear to be 
stronger. As pointed out by HENNINGSMOEN (1953, p. 240) the type specimen 
of T. auricularis is apparently a tecnomorphic carapace. It is provided with 
only one histial flange corresponding to the posterior histial flange of tecno- 
morphs of 7. prisca, but without an examination of the actual specimen it 
cannot be ascertained whether the anterior flange is broken off or not developed. 
The surface of the domicilium appears to be smooth on the photograph of this 
specimen. Whether this is so in reality cannot be ascertained as the fine 
granulation does not always appear on photographs taken without ammonium 
chloride coating. The possibility of surface corrosion must also be taken into 
account if the specimen actually appears to be smooth. 
OccuRRENCE.—F ound so far only at the type locality. 


Gen. Parabolbina Swartz, 1936 


Parabolbina sp. 
Pl. I, Figs. 7-8. 


MATERIAL.—5 tecnomorphic carapaces. 

DEscRIPTION.—Anterior half of the valve slightly, but distinctly higher than 
the posterior half, anterior end broadly rounded. Posterior cardinal angle about 
I00-105°. 

Hinge-line long, dorsum high, very slightly hypocline posteriorly, low, 
poorly defined, and strongly hypocline anteriorly. Cardinal corners flattened, 
that of the left valve faintly thickened and slightly protruding. The left valve 
overlaps the right valve inconspicuously along the free margin. Left valve with 
a faint, denticulate marginal ridge; the right valve seems to be provided with 
a fainter, smooth ridge close to the free margin, its shape could, however, not 
be clearly observed. Hingement unknown since only closed carapaces were 
found. 

Sulcus moderately broad, slightly longer (tr.) than half the height of the 
valve, transversally directed, deep, with a more or less straight posterior and 
concave anterior margin. Ventral end of the sulcus rather well defined, slightly 
expanded, continuing in two very shallow depressions, one longer, better de- 
fined, and posteroventrally directed, the other shorter and anteroventrally 
directed. Before reaching half the distance between the ventral end of the sulcus 
and the free margin of the valve the depressions merge into the general surface 
of the domicilium. 

Carapace with two pairs of flattened, blade-like, quandrangular spurs, one 
of them smaller and situated anteroventrally, the other longer (tr.) and broader 
(long.), situated slightly in front of the transversal mid-line of the sulcus, and 
at a considerably greater distance from the free edge than the anterior spur. 
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The whole domicilial surface ornamented with closely spaced, distinct 
granules of about the same size and arrangement as in Tviemilomatella prisca. 

DIMENSIONS.—Length of the valves 550-730 u, height of the valves (spurs 
included) 495-610 u. 

Discussion.—The present five tecnomorphs appear to belong to a new 
Parabolbina species, but before the heteromorphic valves have been found the 
species cannot be properly defined. It seems to differ from the tecnomorphs 
of other Parabolbina species inter alia by its relatively broad, flattened spurs. 

OccurrENCE.—Gotland, parish of Frdjel, Mulde brickyard. Mulde marl, 
probably uppermost Wenlockian. 
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Explanation of Plate I 


In the plate every single specimen is designated by one number. The different views of a 
specimen are lettered as follows: a = anterior view; d = dorsal view; 7 = internal view; / = lateral 
view; o = oblique latero-ventral view; v = ventral view. 

The photographic work was carried out by Mr. N. Hyortru. All specimens were whitened 
with ammonium chloride before photographing. Magnification of Figs. 1-4 and 7-8 x 45, of 
Figs. 5 and 6 x 52,5. 


The numbers in brackets are the catalogue numbers in the Museum of the Palaeontological 
Institute, Uppsala. 


Triemilomatella prisca n. gen., n. sp. 


Fig. 1. Holotype. Heteromorphic carapace, posterior spine of the histium broken off (No. 
G 129). 


Fig. 2. Heteromorphic carapace (No. G 130). 
Fig. 3. ‘Tecnomorphic carapace (No. G 131). 
Fig. 4. Tecnomorphic carapace (No. G 132). 
Fig. 5. Right heteromorphic valve (No. G 133). 
Fig. 6. Left teenomorphic valve (No. G 134). 


Parabolbina sp. 


Fig. 7. Tecnomorphic carapace (No. G 135). 
Fig. 8. Tecnomorphic carapace (No. G 136). 
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The Students’ Association of Natural Science, Uppsala 


Geological Division 


(Geologiska sektionen av Naturvetenskapliga studentsallskapet 1 Uppsala) 


Meeting Fanuary 19, 1956. 
13 persons present. 


Dr. G. STALHGs summarized his licentiate thesis in a lecture entitled “Strati- 
graphy and tectonics of the Caledonian borderland in the Hede region, province of 
Hiarjedalen”’. 


Meeting February 10, 1956. 
17 persons present. 
Lecture by Mr. B. Linpgvist: “The influence of different salt solutions on fel- 


spars’. 


Meeting February 23, 1956. 
8 persons present. 

Lecture by Mrs. Espa Hutt pe Geer: “New contributions to the chronology of 
the Scandinavian deglaciation’’. 


Meeting March 23, 1956. 
16 persons present. 


Dr. B. JARNEFORS read a forthcoming paper on “The ice recession in the Upp- 
sala region and the question of the origin of the spotted zone”’. 


Meeting April 20, 1956. 
23 persons present. 

Lecture by Professor E. Norun: “The sequence of sediments in the Tyrrhenian 
Sea and the volcanism in its border areas’. 


Meeting October 30, 1956. 


30 persons present. 
In celebration of the “Nordens dag” the following lectures were given by guests 


from Oslo: 
Dr. Cur. Orrepaut: “The Permian volcanism in the Oslo region”. 


Dr. G. Hennincsmoen: “The conditions in Scandinavia and adjacent areas at the 
end of the Cambrian and the beginning of the Ordovician”. 
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